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ABSTRACT

Fire exclusion and suppression policies, associated with timber extraction and structure
protection, have precipitated unprecedented wildfires and associated destruction across California
and throughout the American West. Before widespread Federal and State fire exclusion and
suppression policies were enacted, American Indians intentionally set prescribed burns to
enhance the abundance and quality of species and habitats fundamental to their livelihood and
culture. These fires are known as cultural fires, and they limited woody fuels and, in turn,
mitigated wildfire spread across the landscape. In northwest California, the Karuk and Yurok
Tribes are leading recent efforts to revitalize and expand the use of cultural fires, and thus,
present a distinctive and timely opportunity to evaluate the socio-ecological effects of a formerly
widespread land management practice that was and still remains integral to Indigenous culture
and California ecology.

This dissertation uses mixed qualitative and quantitative social and ecological methods
and analyses to evaluate the cultural fire resurgence in Karuk and Yurok territory. First, I
examine historical and contemporary fire management as a product of colonialism and
Indigenous resistance, modes of production (e.g., capitalist timber extraction and Indigenous
subsistence economies), and (de)centralized governance systems. Then I present mixed method
assessments of the effects of: 1) fire proxy treatments—developed by Karuk and Yurok
basketweavers in the absence of cultural burning—on the production of California hazelnut
(Corylus cornuta var. californica) basketry stems; 2) re-introduced cultural and prescribed burns
on hazelnut basketry stem production and basketweaver harvesting and gathering decisions; and,
3) cultural fire frequency and fire exclusion on forest stand structure and overstory species
composition. I conclude with an investigation of the factors that may either constrain or facilitate
the expansion of cultural and prescribed burning in northern California.

Acorns from oaks (Quercus spp. and Notholithocarpus densiflorus) and baskets
composed of California hazelnut stems and other animal and plant materials were essential to pre-
colonial Karuk and Yurok life, and these resources depended on cultural fire to enhance their
qualities and abundance. Hence, Karuk and Yurok Tribal members resisted fire exclusion policies
initiated in the early 20™ century by the Federal and California State governments to conserve
timber stocks and to encourage commercial tree production for timber markets. Although fire
exclusion and suppression reduced cultural burning, historical documents demonstrate that
resistance prevented the eradication of cultural fires, and also moderated regional timber harvests.

When the USDA Forest Service and the California Department of Forestry and Fire Protection
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(CAL FIRE) began to allocate resources to prescriptive burning activities for fire and forest
restoration in the 21% century, the Karuk and Yurok Tribes capitalized on these developments to
re-introduce cultural burning through formal agreements and partnerships. Nonetheless,
throughout this region, cultural burning currently remains limited in both area and frequency
primarily because of insufficient funds and regulatory constraints.

Due to entrenched fire exclusion and suppression policies, Karuk and Yurok
basketweavers developed innovative cultural fire substitutes, or proxies, that replicated the
disturbance of cultural fire to produce suitable basketry stems (straight and unbranched stems
produced from underground buds post-fire). These proxy treatments include: cutting hazelnut
stems manually, directly blistering hazelnut stems using a propane torch, and igniting surface
fuels piled within hazelnut shrubs to top-kill stems. The experimental application of these
treatments across 27 (16 m*) blocks resulted in the following outcomes. Compared to untreated
shrubs, pile burning, propane torching, and cultural burning increased basketry stem production
by 7- to 10-fold; while cutting increased production by 4-fold. These results demonstrate that
these fire-proxy methods are an effective means to increase the production and the quality of
basketry materials and, thus, could be integrated into forest restoration and fuel reduction projects
when and where conditions for cultural burning is unfeasible.

Since 2013, the advent of annual and biannual Prescribed Fire Training Exchanges
(TREX) in Karuk and Yurok territory effectively expanded cultural burning, wherein ~552 ha
was burned in ~54 cultural fires from 2015-2019. Within 21 of these cultural burn sites, hazelnut
shrub densities, hazelnut stem production, and stem qualities were monitored post-fire, along with
a suite of environmental and social variables. Hazelnut shrubs one growing season post-burn
produced a 13-fold increase in basketry stems compared with shrubs > 3 growing seasons post-
burn. Furthermore, areas burned at high frequencies (= 3 events from 1989 to 2019) had 1.86-fold
greater hazelnut shrubs than areas burned < 3 times. Observations of hazelnut basketry stem
gathering found that 73% of gathering trips were to sites burned at high frequency.
Basketweavers who did not have access to cultural burn sites travelled 3.8-fold greater distances
to reach gathering sites burned by wildfires, where gathering rates were 1.6
stems/minute/individual, compared with harvesting trips to culturally burned sites, where
gathering rates were 4.9 stems/minute/individual. High frequency cultural burning thus increases
gathering efficiency because such practices facilitate higher density resources in closer proximity
to residences when compared with unburned areas.

A major objective of Karuk and Yurok cultural burns is to reduce Douglas fir

(Pseudotsuga menziesii) encroachment on oak woodlands and prairies to maintain ecological



heterogeneity, and to reduce surface fuel loads in order to protect homes and other built
infrastructure in the event of a wildfire. My ecological surveys and remotely sensed analyses of
deciduous tree cover found that high frequency burn sites facilitate the maintenance of hardwood
tree overstories predominantly composed of deciduous California black oak (Quercus kelloggii),
whereas low frequency burn sites (< 3 burns from 1989 to 2019) were dominated by Douglas fir.
Surveys also found that cultural burns reduced leaf litter and small diameter dead, woody surface
fuels (0 — 25 mm), reducing the potential intensity and rate of spread of an unplanned fire. The
increased density of cultural keystone species documented in cultural burn areas provided
evidence of positive human ecosystem engineering, and demonstrates that Karuk and Yurok
cultural burning maintains desired ecological states that benefit Karuk and Yurok socio-
economics and culture.

Given the benefits of cultural and prescriptive burning, fire managers affiliated with
public land agencies, Tribes, and diverse nongovernmental organizations are working to expand
the frequency and area of intentional fires. However, there remains a shortage of wildland fire
teams and experts required to conduct environmental reviews to implement and plan these burns.
Centralized governance of wildland fire teams diverts their labor from prescriptive burns to the
suppression of wildfires, and statewide burn bans prevent cultural burns from occurring during
ideal conditions. Furthermore, neoliberal policies are reducing funding for staffing to support the
expansion of prescriptive burning. To address this chronic underfunding on public lands and the
high costs of burning on privately owned properties, communities and Tribes have developed
decentralized prescribed burn associations and independent, qualified prescribed fire teams.
Interagency partnerships have also provided supplemental funding and personnel to support
burning across multiple jurisdictions. Increased communication among regulatory bodies,
particularly land management and air quality management agencies, has reduced bureaucratic
constraints in permitting processes. Devolution of burning regulations, combined with the support
of Tribal sovereignty in areas that have established burning norms and infrastructure, has
considerable positive potential to accelerate cultural fire implementation and expansion.

By generating and assessing empirical ecological and social data, this dissertation
corroborates Indigenous knowledge and burning practices by demonstrating that high frequency
cultural burning supports ecological functionality as well as Indigenous culture and livelihoods.
Integrating these Indigenous and ‘Western’ science approaches reveals that both cultural burning
and Tribal land sovereignty are critical for collaborative efforts that seek to expand prescribed

fire, reduce wildfire risk, and develop resilient fire-adaptive communities.
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CHAPTER 1

Introduction

Fire exclusion and suppression policies of the US Federal and California State
government emerged in the first two decades of the 20" century to protect private and public
timber stocks (Pyne 1982; Hudson 2011; Stephens and Sugihara 2018). As a result, the
Indigenous burning practices that shaped the ecology of California were outlawed, negatively
affecting California Indian culture and producing massive changes to California fire ecology
(Martin and Sapsis 1992; Kimmerer and Lake 2001; Lightfoot and Parrish 2009; Mallek et al.
2013; Anderson 2018). Despite the persistence of these policies (Fischer et al. 2016; Schoennagel
et al. 2017), California Indians have fought to revitalize what they call ‘cultural burning’ (Hunter
1988; Senos et al. 2006; Goode 2014). The objectives of cultural burns are to enhance and
increase the abundance of species used for subsistence foods, material culture, and ceremony as
well as to mitigate the spread of wildfires (Hunter 1988; Senos et al. 2006; Long et al. 2018b). In
northwest California the Karuk and Yurok Tribes are making progress to re-introduce these burns
as federal and California state fire policies are embracing prescribed, intentional burning to
reduce hazardous fuels and mitigate wildfire risks (Fig. 1; Vinyeta and Lynn 2015; North et al.
2015; Stephens et al. 2016; Terrance 2016). The resurgence of these burns generated an
opportunity to evaluate their socio-ecological effects on Indigenous livelihoods and culture.

I applied a community-based research approach to identify research questions that
addressed the objectives of the Karuk and Yurok Tribes (Wilson 2008; Leeuw et al. 2012; Diver
and Higgins 2014; Sarna-Wojcicki 2014). From my initial meetings with Tribal leaders, I learned
that the revitalization of cultural burning was a central priority for the Tribes, and my
documentation of the social and ecological dynamics of these burns would generate data to
benefit Tribal objectives. Throughout this dissertation, I aimed to support the needs of Indigenous
fire governance by applying the tools of Western science to Indigenous practices (Tallbear 2016).
I also sought to connect Indigenous worldviews and ecological theory as their relational
approaches share many commonalities (Kimmerer 2013a).

This dissertation uses mixed social and ecological methods to analyze the effects of fire
exclusion and cultural burning in California’s Klamath watershed. In Chapter Two I introduce the
study region by analyzing the historical and political contexts that excluded fire in Karuk and
Yurok territories as well as the dynamics that led to the revitalization of cultural burning from

2014 —2019. Chapter Three entitled, “Effects of Understory Fire Management Treatments on



California Hazelnut, an Ecocultural Resource of the Karuk and Yurok Indians in the Pacific
Northwest,” was published in 2019 in Forest Ecology & Management, co-authored with Frank
Lake (USDA Forest Service, Pacific Southwest Research Station) and Lisa Curran (Stanford
University; Marks-Block et al. 2019). We analyzed the effects of experimental fire proxy
treatments on the production of California hazelnut (Corylus cornuta var. californica) basketry
stems. Karuk and Yurok basketweavers developed these treatments in the absence of widespread
cultural burning. In Chapter Four, I examine the effects of re-introduced cultural and prescribed
burns on hazelnut basketry stem production and basketweaver gathering decisions. Then in
Chapter Five, I compare the forest stand structure and overstory species composition between
areas that have been frequently burned from 1989 — 2019, and those areas that have only recently
been culturally burned. Based on interviews and surveys with fire managers employed by Tribes,
NGOs, private companies, and public land management agencies, I analyze what is facilitating
and constraining the expansion of prescribed and cultural burning across northern California in
Chapter Six. Collectively, these chapters integrate anthropological and ecological research
approaches to craft a multi-faceted examination of cultural burning within a dynamic socio-

ecological system.



CHAPTER 2

Resisting with Fire: Political Ecology of Indigenous Cultural Burning in Northwest
California

INTRODUCTION

Before colonial occupation in 1849, Northwest California Indian cultures regularly
applied fire to enhance the morphological traits and abundance of fire-adapted species that were
critical for subsistence (Lightfoot and Parrish 2009; Anderson 2018). The spatial extent and
distribution of pre-colonial burning was affected by sociopolitical systems that supported small
group and individual resource access and control (Bettinger 2015) as well as extensive trail
systems that were burned to maintain travel efficiency (Lake 2013). However, European
colonialism, beginning with the gold rush in 1849, imposed an abrupt and major transition to
capitalist resource extraction that rapidly transformed the subsistence economy and social
organization in Northwest California Indian communities (Norton 1979; Huntsinger and
McCaffrey 1995; Madley 2016). Fire exclusion and suppression policies enacted in the first two
decades of the 20™ century to support timber extraction and structure protection effectively
reduced the extent and frequency of fire in California (Stephens et al. 2007; Pyne 2016; Taylor et
al. 2016). As a result, the accumulation of forest understory fuels has contributed to the growth of
wildfire area in each decade since 1980 (Miller et al. 2012; Westerling 2016). Recently, fire
managers in California have embraced intentional, prescriptive burning to reduce wildfire
severity and areal extent (Stephens et al. 2016; Stephens and Sugihara 2018). Yet, many
governmental constraints still remain that inhibit widespread implementation of these policies
(Chapter Six; Miller et al., 2020; Quinn-Davidson and Varner, 2012).

In Northwest California, the Karuk and Yurok Tribes currently lead efforts to restore
prescriptive burning for cultural and subsistence objectives; this practice is locally referred to as
‘cultural burning’ (Long et al. 2018b). The Karuk and Yurok are two of the largest federally-
recognized Tribes in the state of California (United States Census Bureau 2010a), and are using
their newly acquired ability to self-govern (Strommer and Osborne 2014) as a means to establish
structures and expertise to initiate a major transition from the dominant intractable fire
suppression paradigm (Dods 2002; Donovan and Brown 2007; North et al. 2015; Ingalsbee 2017)
toward a proactive prescriptive cultural burning system or cultural fire regime (Senos et al. 2006).
These efforts to expand cultural burning are distinctive in that they are locally driven, in contrast

with the majority of burning in the state, which is initiated by natural resource managers and their



agencies (Quinn-Davidson and Varner 2012; Miller et al. 2020). This emergent alternative
cultural fire regime can be attributed to the historical legacy of their resistance to fire exclusion
policies by Tribal members and primarily motivated by their determination to maintain a culture
and livelihood that is dependent on cultural burning (Davies and Frank 1992; Conners 1998;
Norgaard 2019).

Here, I investigate how Karuk and Yurok Tribal members have organized politically to
govern fire across history, and evaluate how external (colonial) political and economic dynamics
affected cultural burning. I draw from the intellectual framework of Indigenous political ecology
(Carroll 2015; Middleton 2015), which explores the effects of colonialism and capitalism on
American Indian communities while also analyzing the effects of Indigenous resistance and
governance on social and ecological change. This framework combines an analysis of resource
control, distribution, and governance developed from political ecology with a focus upon the
specific effects of settler colonialism in North America. My analysis is influenced by the
liberation ecology of Watts & Peet (2004) as well as accounts of Indigenous resistance through
cultural revitalization and resurgence (Alfred 2005; Simpson 2011, 2017; Clifford 2013;
Kimmerer 2013b; Baldy 2018). In this analysis of fire-enhanced livelihoods in the Klamath
watershed, I explore how Tribal members use fire to enact socio-ecological change.

This chapter first presents an analysis of how pre-colonial Indigenous governance, culture
and worldviews influenced the fire regime to situate its importance in Karuk and Yurok socio-
ecological dynamics by synthesizing archaeological, paleo-ecological, and ethnohistorical data.
Using historical evidence, I then explore how this suite of socio-ecological interactions affected
resistance to changes in fire governance from ~1905 to present. Lastly, I synthesize my
observations during 18 field months in Karuk and Yurok territory (2014 — 2019) to examine the
persistent constraints and the successful strategies that are catalyzing the expansion of cultural

burning.

PRE-COLONIAL SOCIOECOLOGY OF FIRE

US colonialism—from the gold rush to present —de-valued and often destroyed
Indigenous fire practices and knowledge. Therefore, pre-colonial fire regimes in northwest
California are challenging to reconstruct and evaluate. Although many ethno-historical accounts
include anthropogenic burning (Lewis 1993; Stewart 2002), these accounts provide few
comprehensive details of the extent and frequency of this practice, how Indigenous social

structures influenced both when and where fires were ignited, and by whom. Combined with



archaeological and paleo-ecological evidence, ethnographic evidence of Indigenous social
structure and livelihoods in northwest California (Goddard 1903; Kroeber 1925; Harrington 1932;
Waterman and Kroeber 1934; Gould 1966; Thompson 1991; Stuart and Stephens 2006) can be
incorporated to develop robust reconstructions of pre-colonial fire regimes. Several relatively
recent studies (Lightfoot et al. 2013; Crawford et al. 2015; Liebmann et al. 2016; Taylor et al.
2016) have used these multiple lines of evidence effectively to infer how shifts in social systems

affected pre-colonial fire regimes.

Biophysical Evidence of Cultural Fire

Northwest California fire histories generated from tree scars and sediment cores show
that fires were more frequent preceding fire exclusion policies than following the implementation
of these policies (Wills and Stuart 1994; Taylor and Skinner 1998; Crawford et al. 2015). Lake
sediment cores provide longer fire chronologies than dendrochronologies, and base their
inferences on charcoal accumulation rates and pollen percentages from various fire-sensitive
plants (Whitlock and Larsen 2002). However, these chronologies are coarsely grained because
charcoal and pollen can travel large distances and accumulate at variable rates based on stochastic
environmental factors (Whitlock et al. 2004). Marlon et al. (2012) conducted fire history analyses
throughout the American West and argued that climate has a greater influence over fire frequency
and extent than humans preceding the industrial revolution. However, analyses of fire histories
within the Pacific Northwest found that charcoal accumulations and pollen depositions of fire-
adapted species occur at greater rates than would be expected if climate were the dominant driver
of fire regimes (Walsh et al. 2018). A recent analysis of a sediment core from a low elevation lake
(Fish Lake, 41°14'N, 123°42'W, elevation: 541 m) in Karuk and Yurok territory attributed
increases in charcoal and oak pollen during cooler and wetter periods (e.g., Little Ice Age, 550-
250 cal. yr. BP) to cultural burning (Crawford et al. 2015). These studies suggest that analyses at
relatively small spatial scales can capture anthropogenic fire dynamics, especially when paired
with archaeological data (Power et al. 2018).

Compared with sediment cores, dendrochronologies are spatially fine-grained, but tree
survivorships span ~200 - 500 years and their remains decompose over time. In addition,
depending on fire severity, trees may not be scarred by low-intensity fires that are the central
characteristic of cultural fire regimes (Johnson and Gutsell 1994; Baker and Ehle 2001; Lentile et
al. 2005). Recent models have also suggested that fire return intervals derived from standard fire
scar sampling methods (e.g., which target visibly scarred trees and eliminate or filter scars that do

not occur in multiple samples) have largely under-represented high frequency, small patch



Indigenous burning (Roos et al. 2019). Taking into consideration these methodological
constraints, pre-colonial (< 1849 CE) median fire return intervals reported from the Klamath
mountains (640 m - 1600 m a.s.l.) range from 11.5 to 16.5 years (Wills and Stuart 1994; Taylor
and Skinner 1998, 2003). Moreover, at a relatively lower elevation site (541 m) within Karuk and
Yurok territory, USDA Forest Service ecologists documented an 8.5 year median fire return
interval (F. Lake, pers. com., 2019). These findings provide evidence that Karuk and Yurok
cultural burning increased fire frequency in locations within ~3 km of their low elevation

settlements compared with remote areas at higher elevation (Busam 2006).

Ethnographic Evidence of Cultural Fire

Documentation of the pre-colonial livelihoods of Karuk and Yurok Indians in early
ethnographies was influenced by the memory reconstruction methods and political orientations of
early salvage anthropologists, who asked informants to recount the social and cultural structures
that pre-dated colonialism to preserve past practices (Buckley 1989; Lightfoot 2005). Recent
collaborative archaeology with the Tolowa Dee-ni’ nation generated significant data required to
reconstruct past subsistence and social organization in the region (Tushingham 2009;
Tushingham and Bettinger 2013). In particular, the importance of acorns in subsistence (Basgall
1987) led to the emergence of family controlled storage and a largely sedentary lifestyle
(Tushingham and Bettinger 2013). The individual and familial ownership of fire-enhanced
resource tracts, such as oak stands for acorns, produced a diverse and fine-grained patch mosaic

of fire histories throughout Karuk and Yurok territory (Lightfoot and Parrish 2009).



Ethnographic information from Northwest California collected in the early 20" century
and California Indian writings from this era contain detailed descriptions of burning to maintain a
broad spectrum of plant and wildlife species for subsistence, ceremony, and material culture
(Goddard 1903; Jack 1916; Harrington 1932; Kroeber and Gifford 1949; Schenck and Gifford
1952; Bright 1957; Gould 1975; Thompson 1991; Lewis 1993; Stewart 2002; Anderson 2005).
These sources show that the frequency of cultural burning depended either on the habitat or the
species present (that were deliberately manipulated by Indigenous peoples). Areas for seeding
tobacco (Nicotiana quadrivalvis) were burned annually, while shrubs such as huckleberry
(Vaccinium ovatum) and hazelnut (Corylus cornuta var. californica) were burned at ~five year
intervals to improve fruit and nut production (Harrington 1932; Warburton and Endert 1966;
Pullen 1996; LalLande and Pullen 1999). Tracts of beargrass (Xerophyllum tenax) and hazelnut
were burned as frequently as every three years in the summer and fall to produce quality leaves
and stems for basketry (O’Neale 1932; Thompson 1991). While the understories of oak trees
(particularly tanoak; Notholithocarpus densiflorus) were burned annually at low intensities to
improve acorn gathering efficiency and to reduce acorn pest infestation (Jack 1916; Harrington
1932; Schenck and Gifford 1952; Thompson 1991).

Prairies were burned every 1 — 3 years in the summer and fall to maintain grasses and
ruderals gathered for seeds, lilies and other geophytes for ‘Indian potatoes’, and forage for deer
and elk (Jack 1916; Thompson 1991; Huntsinger and McCaffrey 1995; Stewart 2002; Anderson
2005). Care was taken to maintain forest and prairie boundaries by initially burning on prairie
edges, and extinguishing fires that entered the forest using back burns—or small fires to reduce
fuel ahead of a larger fire’s flaming front (Stewart 2002: 277). These prairie burns typically
became possible when the first fall rains occurred or after the first frost, when forest understories
were moist but grasslands had dried (Riley-Thron 2001: 174; Stewart 2002). The encroachment
on prairies by shrubs and trees with fire exclusion provides evidence that these prairies were
maintained through anthropogenic burning (Sugihara and Reed 1987; Skinner 1995; Weiser and
Lepofsky 2009).

Burning was also an integral component of ceremonial practice in Karuk and Yurok
territory (Kroeber and Gifford 1949). As a part of the ritual and ceremonial construction of the
Kepel fish weir in Yurok territory, which typically occurred in July (Swezey and Heizer 1977),
grasslands on either side of the river were annually burned by those constructing the dam.
Ethnographic accounts suggest that burning in this context sent a message to others that the dam
was complete (Waterman and Kroeber 1938). Marty Lamebear, who is a Yurok fire expert,

explained that the smoke was also an important signal to the fish that it was time to move upriver,



in part, by cooling the river water (M. Lamebear, pers. com., 2018). A recent study (David et al.
2018) documents that wildfire smoke does reduce river temperatures in the region thereby
generating benefits for aquatic life.

In Karuk territory, collective burning of nearby mountainsides was an important
component of their annual ceremonies (Kroeber and Gifford 1949; Lang 1994; Buckley 2002;
Field 2008). Mary Ike, one of Gifford’s sources, stated in reference to the ceremony that, “the
mountain is an immortal woman, whose ‘hair’ has to be singed so there will not be many widows
and widowers in the world...Now that the Indians no longer burn fires on Mt. Offield and no
longer perform the Deerskin Dance, food is scarce and they are dying off” (Kroeber and Gifford
1949: 21). In her statement, Mary Ike describes how Karuk spiritual practice is connected to and
affects the material constraints of life (i.e., food). Collective burning at these ceremonies also may
have had an epiphenomenal effect of reducing the time and labor costs of burning larger areas for
wildfire protection and subsistence enhancement. Hence, many individuals and families
benefitting from this collective practice. The ethnographic record implies that gathering and
hunting on Mt. Offield was open to many, and not owned by specific individuals and households,
as long as certain restrictions were upheld (Kroeber and Gifford 1949: 21). Additionally, a recent
memoir by a Karuk medicine woman states that the ceremonial town at the base of Mt. Offield
(Ka’tim’1in) provided sanctuary to individuals who were banished from other areas (McCovey
and Salter 2009). These statements suggest that usufruct rights to resources on this sacred
mountain, and others, may have been less circumscribed than other areas owned by specific
families.

In Karuk and Yurok territories, burning occurred both collectively and at the familial
level, however, the evidence indicates that familial burning of resource tracts was dominant.
Hence, most burning decisions were decentralized and produced relatively small fire areas (or
fine-grained mosaics) of different fire histories and habitats. Because all Karuk and Yurok
families relied upon fire-enhanced foods and materials, these mosaics were undoubtedly
widespread. Karuk and Yurok prescriptive burns effectively reduced surface fuels, allowing for
easier travel and limiting the spread of both anthropogenic and lightning ignited fires (Collins et
al. 2009; McKenzie et al. 2011; Lake 2013; Parks et al. 2015). However, with the advent of the

colonial extractive economy and genocide, Indigenous fire regimes were radically altered.



COLONIAL FIRE POLICY AND INDIGENOUS RESISTANCE

The Gold Rush and Initial Settlement (1849 — 1900)

Colonialism in Northwest California was motivated by the extraction of raw materials for
global markets and precipitated a genocide of Northwest California Indians (Madley 2016).
Settlers initially sought to appropriate gold within un-ceded California Indian territories while
California Indians resisted these incursions (Norton 1979). Ultimately, settlers were able to
subjugate and dispossess native communities because they were backed by state resources
including the military (Norton 1979; Madley 2016).

Despite efforts to eliminate California Indians from their lands, Tribal families and
villages fought to remain in their homelands in the rugged Trinity and Klamath River valleys
(Fig. 1). Physical and armed combat to protect land and livelihood was common between 1850
and 1870 (Nelson 1978; Raphael and House 2007). A series of treaties between California
Indians and the US Federal government in 1851 that would have given natives title to certain
lands, were never ratified by the US Congress because of intensive lobbying by California settlers
(Norton 1979; Rawls 1986).

The 1849 California gold rush created high demand for timber and agriculture to support
the explosive growth of Western cities (Clar 1959; Laudenslayer and Darr 1990). The timber
industry initially focused on the extraction of high quality Coast Redwood (Sequoia
sempervirens) timber growing in the coastal mountains of Wiyot, Tolowa, and Yurok Indian
territories (Ayres 1958; Raphael and House 2007). The settlers’ dependence on domesticated
livestock and agriculture directly conflicted with the Indigenous subsistence system that relied
upon non-agricultural foods and materials. Thus, settlers also appropriated grasslands and prairies
for livestock that had been maintained through regular Indigenous burning. To access these
forests and grasslands, settlers murdered Indigenous people who killed livestock for food, and
enslaved many Indian children to support their settlements (Nelson 1978; Norton 1979; Trafzer
and Hyer 1999). Other Northwest California Indians were forced onto reservations and rancherias
and the majority of their territories were expropriated by settler capitalists (Norton 1979;
Huntsinger and Diekmann 2010). Because of the isolation of Yurok territory along the Klamath
River, a reservation was created by executive order in 1855, and expanded to the confluence of
the Trinity River in 1891 (Huntsinger and Diekmann 2010). The nearby Hoopa Valley reservation
was created after many hard fought battles against settlers, the military, and militias (Nelson

1978). However, a reservation was never formally established in Karuk territory.



Under the auspices of the Dawes Act (1887), the federal government privatized and
allotted properties on the Yurok reservation to individual Yurok Indians, which facilitated
manipulative and fraudulent land purchases by settlers (Huntsinger and Diekmann 2010). Indian
land allotment eventually led to additional land appropriations by timber companies on
reservation lands especially in areas with commercial stocks of redwood timber (Huntsinger and
Diekmann 2010).

The settler-colonial wars and the imposed socio-economic system were rationalized
through religious and philosophical beliefs known as ‘manifest destiny’ (Stephanson 1996) and in
dialectical opposition to California Indian livelihoods, spirituality, and worldviews (Merchant
1983; Scott 1998; Deloria 2003; Johnson and Murton 2007). Karuk leader Leaf Hillman writes
that:

Karuk beliefs — as exemplified in the world renewal ceremonies and creation
myths, connect people from childhood to an awareness of relationship and
responsibility... This relationship to other creatures has quite a different emphasis
from that of western religions, which focus almost entirely on a creator which is
a projection of human power, one which ignores the spiritual link and
responsibility to the earth (Hillman and Salter 1997: 24).

Karuk and Yurok philosophies do not separate spiritual practices from subsistence practices, nor
humans from other species and the earth (Hillman and Salter 1997; Buckley 2002). In contrast,
colonial-capitalism abstracts and alienates human relations with the earth, and is based upon
notions of human, male, and European cultural superiority (Marx 1967; Robinson 2000; Johnson
and Murton 2007; Mies 2014; Moore 2015). The profound kinship relations between California
Indians and the land constitute the foundation of their political resistance in this colonial era.
Given that fire is at the core of Karuk and Yurok subsistence and spiritual relationships
(Harrington 1932; Kroeber and Gifford 1949; Thompson 1991; Hillman and Salter 1997) the
struggles against fire exclusion policies comprise a central component of this continuum of
resistance (Norgaard 2019). What follows here is a synthesis of colonial fire and timber policy
history in the Klamath watershed of California, and Indigenous efforts to oppose these policies to

maintain political and cultural autonomy.
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Figure 1. (A) Study Region with Federal Jurisdictional Boundaries and Karuk and Yurok
Territories Ancestral territory boundaries, provided by the Karuk and Yurok Tribes, represent
reconstructions, but currently are not fixed or rigid boundaries. Ancestral lands of other
Northwest California Tribes (e.g., Tolowa, Wiyot, Hupa, Shasta) are not included here, but note
that their ancestral lands may partially overlap with the boundaries rendered here (Baumhoff,
1963). (B) Western Region of the United States of America. The study region is depicted by
the red box.

The Forest Service and Fire Exclusion 1905 — 1950

Through a 1905 presidential proclamation, President Theodore Roosevelt ceded the
Klamath Forest Reserve, now known as the Klamath and Six Rivers National Forests (Davies and
Frank 1992; Fig. 1). Karuk families’ lands were particularly compromised by the creation of the
Klamath Forest Reserve, as Karuk land titles initially were unrecognized. In 1910, the US
Congress passed a bill that authorized land allotments (< 65 hectares) to Indians living in forest
reserves as in the Klamath (Miller 2017). However, only 32 applications for 186 hectares were
allotted to Karuk ‘household heads’ as allotted lands were required to be agricultural, and few

such areas existed in Karuk territory. Furthermore, the Office of Indian Affairs (now Bureau of
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Indian Affairs) provided extremely limited staffing to process these applications (Miller 2017). In
1947, over 81,000 ha of Klamath National Forest were transferred to the newly created Six Rivers
National Forest that extended south and west into the territories of the Yurok, Hupa, and other
Tribes, and North and West into Tolowa Tribal territory (Conners 1998, Fig. 1).

With the establishment of National Forests, fire use became a major land management
conflict between the state and local residents (Hudson 2011). The USDA Forest Service and the
State of California Board of Forestry strictly opposed intentional burning because they believed
such fires threatened their timber stocks and timber regeneration (Show and Kotok 1924; Clar
1959; Pyne 1982). These agencies opposed the appropriation of Indigenous burning practices by
timber companies and ranchers, and further employed racist tropes of Indians to galvanize
support for their fire exclusion policies (Graves 1920; Leopold 1920).

In the first four decades of the Klamath National Forest, the USDA Forest Service
generated management funds by leasing land to ranchers for grazing their cattle (Davies and
Frank 1992). The criminalization of burning on the one hand, and the encouragement of cattle
grazing on the other, reflected an ignorance harbored by forest managers especially as these
grasslands required repeated burning to be sustained. In the 1940s, ranching became so pervasive
and intensified that cattle began denuding grasslands and outcompeting deer populations for
browse (Davies and Frank 1992). As a result of the destruction of Indigenous property regimes
and the governmental criminalization of their subsistence practices, California Indians who lived
within or near the Klamath National Forest were forced into the market and wage economy of the
United States. That economy was dominated by cash crops (e.g., cattle and timber) and
government-funded employment associated with fire suppression (Davies and Frank 1992;
McCovey and Salter 2009; Norgaard 2019).

Until the 1940s, there was not a substantial infrastructure to support a timber industry in
the Klamath National Forest; Nonetheless, the Forest Service hired individuals to monitor fire
from lookouts, fight existing fires, and to fine incendiaries to protect future timber markets
(Davies and Frank 1992). Because few suitable wage opportunities existed in the region,
California Indians along with white settlers surreptitiously set fires to receive temporary jobs
suppressing fires (Davies and Frank 1992; Conners 1998). Forest Service staff accounts of fire
suppression between 1905 and 1960 also attribute many incendiary burns to Karuk and Yurok
Indians who continued to burn to improve grazing and wildlife conditions as well as to promote
basketry materials (Davies and Frank 1992; Conners 1998; Busam 2006). These ‘illegal’ fires set
by Karuk and Yurok Indians reportedly frustrated Forest Service staff for decades. As the Orleans
District Ranger in 1918 wrote: “The only sure way [to control the fire problem] is to kill off [the
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renegade Indians] every time you catch one sneaking around in the brush like a coyote. Take a
shot at him.” (Davies and Frank, 1992: 90) Such demeaning and antagonistic attitudes toward
Karuk and Yurok peoples remained prevalent among Forest Service staff throughout this period.
In 1949, a Six Rivers National Forest inspection report stated that Indians are “uncivilized...[and]
more or less confirmed in their thinking that the land should be theirs and that incendiarism is one
way of retaliation towards the white man for various controls, disciplines and laws” (Conners,
1998: 110). These historical documents confirm that Karuk and Yurok Indians actively sought to
maintain their cultural burning practices and used fire to subvert state objectives of fire exclusion
for timber production.

Not all Forest Service staff were in direct opposition to the Karuk and Yurok uses of fire.
In a Six Rivers National Forest cultural resource interview in 1983, a former Klamath National
Forest supervisor and Six Rivers National Forest staff member from the 1920s — 1960s stated:

I got word that they were running out of, or they were having trouble finding,

hazel sprouts to make their baskets so I just dropped the word, if they knew there

was a patch of hazel brush that needed burning off to get sprouts, I’d help them,

and we did...That’s all it took to breakdown that adversary relationship,

cooperation (Six Rivers National Forest Heritage Program, 1983: Inerview 346).
Despite directives from USDA Forest Service Chiefs and other administrators, some USDA
Forest Service staff or forest supervisors did not strictly adhere to fire exclusion policies. Thus,
the implementation of policies was far from monolithic and the political orientation of Forest
Service staff could facilitate some Indigenous objectives while simultaneously subverting others.
Karuk and Yurok communities thus were able to educate or convince some governmental
representatives that some burning practices were either legitimate or did not threaten the timber
objectives of the USDA Forest Service. Because Karuk and Yurok territories are so isolated,
many of the early USDA Forest Service staff either were descended from Karuk and Yurok
Indians or married to Karuk and Yurok Indians, and these familial relationships likely attenuated
potential antagonisms and helped to overcome cultural divides (Hotelling 1978; Davies and Frank
1992; Conners 1998). Moreover, these social and kinship ties often catalyzed efforts to increase
burning for Indigenous resources from the 1970s through the present. However, these familial
relationships were relatively ineffective in mitigating the major ecological shifts precipitated by

industrial-scale timber extraction.
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Timber Extraction and Resistance 1950 - 1995

Once old-growth redwood timber stocks were exhausted in coastal northwest California,
demand increased for inland Douglas fir and Ponderosa pine forests, particularly after World War
II (Clar 1969; Schrepfer 1983; Huntsinger and McCaffrey 1995). Initially, a lack of an extensive
road network hampered logging in the Six Rivers and Klamath National Forests (Hopkins 1964;
Strothmann and Roy 1984). Then the construction of roads in the 1950s and 1960s led to an
explosive increase in logging and clear-cutting from 1960 — 1980 (USDA Forest Service PSW
Region, 1995; Fig. 2) that further exacerbated sedimentation and erosion rates caused by gold
mining and further compromised aquatic habitats and fisheries (Grobey 1980; McEvoy 1986).
The 1978 creation of Redwood National Park on privately owned (formerly Yurok) timberlands
resulted from a brokered compromise among the conservation movement and the federal and
state governments that permitted increased timber removal in Six Rivers National Forest to
support the local timber-dependent economy (USDA Forest Service PSW Region 1979;
Schrepfer 1983). A Forest Service study found that in order to prevent declining timber yields,
they needed to increase clear cutting, harvest more old-growth timber, and expand timber
plantations on areas where hardwoods (e.g., tanoak, Pacific madrone, and California black oak)
dominated (USDA Forest Service PSW Region 1979).

The Forest Service established timber plantations after initial old-growth timber
extraction by burning residual timber slash and planting trees (Strothmann and Roy 1984). To
maximize productivity, the Forest Service sought to eliminate competition from non-commercial
tree species and wildlife, extensively using herbicides and pesticides while also investing
resources into studying the efficacy of several chemical applications (Schubert 1950; Strothmann
and Roy 1984; Harrington and Tappeiner 2009).

Plantation expansion coupled with herbicide and pesticide applications prompted
resistance from California Indian communities who experienced negative health outcomes from
chemical drift and residues on basketry plants and forest foods (Ortiz 1993; Huntsinger and
McCaffrey 1995; Segawa et al. 1997; Mathewson 2007; Norgaard 2007; McCovey and Salter
2009). In 1980, “40% of forestry positions in Orleans have gone unfilled...[because] employees’
lives are filled with intimidation and harassment...[due to] people who are against the Forest
Service’s use of herbicides” (Conners 1998: 190). While organizing against spraying led to
temporary injunctions that prevented the spraying of certain chemicals, to date the use of
herbicides by the Forest Service and private timber companies remains a source of conflicts in the

region (O’Brien 1990; LeBeau 1998; Norgaard 2007).
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Figure 2. Annual Timber Harvest (Million Board Feet) from Six Rivers National Forest.
Data compiled from USDA Forest Service reports (e.g., USDA Forest Service PSW Region,
1995, 1979).

Resisting road construction was also a prominent arena for Indigenous resistance to the
Forest Service. In the road building boom of the 1960s, the Gasquet-Orleans (GO) road and
numerous other logging roads were proposed for construction in a sacred area in the Siskiyou
mountains where Karuk, Yurok, and Tolowa Tribal members and ceremonial practitioners
conducted ceremonial practices (Buckley 2002; Bowers and Carpenter 2011; Baldy 2013). These
roads were proposed primarily to facilitate logging. A coalition of environmental and Indigenous
groups sued the Forest Service over many decades, arguing that their plans violated the National
Environmental Policy Act of 1969, the National Forest Management Act of 1976, and the
American Indian Religious Freedom Act (AIRFA) of 1978 (Falk 1989). Initial archaeological
reports made by Forest Service staff justified logging based on interpretations of reports produced
by UC Berkeley anthropologist Alfred Kroeber, who erroneously found that the Yurok cultural
pattern of using the high country for their ceremonial practices was no longer extant in the early
1900s (Buckley 2002).
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After decades of litigation, the federal government argued that logging would provide a
greater public and national good (i.e., jobs and capital) than respecting Indigenous religious
freedom, and the Supreme Court then overturned the decisions of lower courts, and thus, allowed
the construction of roads in the Six Rivers National Forest (Falk 1989; Buckley 2002; Bowers
and Carpenter 2011). However, the roads in question ultimately were not built as the US
Congress declared this region a wilderness area in 1990, again without recognizing Indigenous
sovereignty or religious claims (Baldy 2013).

While the battle over the GO road galvanized significant support and connected issues of
Indigenous sovereignty to environmental destruction, the Forest Service continued to sell timber
to logging companies throughout the Klamath mountains. In the mid-1980s, Karuk resistance to
another timber sale on Offield Mountain eventually forced the Forest Service to retract the sale
and recognize the 4,836 ha region as a Cultural Management Area of the Karuk Tribe (Diver
2016).

Within the Pacific Northwest region, similar actions were undertaken by the broader
environmental movement to resist large-scale timber extraction (Durbin 1996). In 1994, the
Clinton administration released a Northwest Forest Plan (NWFP) to guide public land agencies to
conserve habitat for the Spotted Owl and anadromous fish, maintain jobs for loggers, and increase
consultation with Tribes (Thomas et al. 2006; Vinyeta and Lynn 2015). The mainstream media
and politicians simplified the northwest timber struggle as one between saving timber jobs or
protecting owls (Durbin 1996). However, timber conglomerates had been overharvesting for
decades, were competing within a highly competitive globalized market, and had increased
mechanization to cut costs. All of these factors contributed to substantial declines in employment
in this regional timber sector (Hirt 1996; Prudham 1998; Helvoigt and Adams 2009; Bliss et al.
2010).

The NWFP enforced reductions in the annual allowable timber harvest and required new
forest plans for national forests that identified late-successional reserves with additional
protections for endangered species (Thomas et al. 2006). These legal changes invited increased
scrutiny of timber harvesting plans by environmental organizations, and, as a result, National
Forests in Karuk and Yurok territories reduced their timber harvesting by = 50% from 1994 -
present (Charnley et al., 2018; Fig. 2). Although the loss of timber-related jobs depressed local
economies, ecological restoration and fire management programs expanded within the USDA

Forest Service as well as within Tribal government structures and created new job opportunities

for Karuk and Yurok Tribal members (Charnley et al. 2008, 2018; Hibbard and Lurie 2013).
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Resurgence of Cultural Fire

In the 1980s and 1990s, Tribal members capitalized on the broadcast burning of timber
slash post-logging and the mowing of vegetation along roads to access their fire-enhanced
resources (Heffner 1984; Hunter 1988; Ortiz 1998; Smith 2016). In Karuk territory, social and
kinship ties between Forest Service personnel and Tribal members allowed basketweavers to
influence site selection of broadcast burns for basketry materials (Hunter 1988; Ortiz 1998; Smith
2016). Some Forest Service staff recognized that conducting these cultural burns helped to
improve relations with Tribal members (Hunter 1988) that had remained antagonistic. In the late
1990s, small-scale burning for basketry materials was catalyzed by relationships initiated through
a Forest Service sponsored annual basketweaver gathering called ‘Follow the Smoke’ (Ortiz
1998). Later, many of these cultural burns continued through the ‘Roots and Shoots’ program of
the Six Rivers National Forest, Orleans and Ukonom Ranger Districts (Colegrove 2014).

Persistent efforts by Tribes to assert their sovereignty using changes in environmental and
Indian law has iteratively made planning and forest management processes increasingly amenable
to their objectives. However, plans to integrate Karuk Tribal objectives into forest planning as
‘co-management’ in the 1990s to early 2000s suffered because new Forest Service personnel
disrespected previous agreements (Diver 2016). Tribal members note that support for burning in
the Forest Service is cyclical largely because of personnel fluctuations. When supportive staff
leave the region, basketweavers must re-invest in relationships with new staff (Smith 2016). On
the Yurok reservation, where the California Department of Forestry and Fire Protection (CAL
FIRE) regulates burning, staff re-assignments have also disrupted positive agency-community
relationships (S. Nix, pers. com., 2017).

Regional fuel reduction projects developed from the Healthy Forests and Restoration Act
0f 2003 (Davis 2004; Sun 2006) involved community input and partnerships with the Forest
Service, but ultimately were viewed as problematic by the Tribe and local environmental
organizations (Scott-Goforth 2013). In 2010, the Six Rivers National Forest mis-managed the
Orleans Community Fuels Reduction project co-developed with the Karuk Tribe in the town of
Orleans by allowing excessive and destructive timber removal practices along Karuk spiritual
trails. These events prompted a lawsuit that was eventually settled, but amplified long-held
distrust toward the Forest Service (Scott-Goforth 2013; Tripp 2019). The Orleans Community
Fuels Reduction project was an initial attempt at co-management and community forestry tied to
neoliberal legislation: this project sought to limit environmental regulations and use timber
thinning and extraction misrepresented as a form of wildfire risk reduction (McCarthy 2005; Sun

2006).
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Table 1. Timeline of Key Fire Suppression, Timber Extraction, and Cultural Fire
Revitalization Events in California’s Klamath Basin.

Year Event Source
Land on the Yurok reservation is converted into private property (Huntsinger and
1892 through allotment, initiating the appropriation of Yurok land by =~ McCaffrey 1995)
timber companies to extract redwood
(Davies and
1905 Klamath Forest Reserve established
Frank 1992)
1911 Weeks Act enables cooperative fire protection between federal,  (Hudson 2011)
state and private landholders
1924 Clarke-McNary Act codifies federal financial assistance to (Hudson 2011)
states for fire suppression
1933 Civilian conservation corps builds fire look-outs, roads, and (Davies and
1940 other fire suppression infrastructure across Klamath National Frank 1992)
Forest
o _ _ (Davies and
Cultural burning in Karuk and Yurok territory persists and
1940s _ _ Frank 1992;
frustrates Forest Service and CAL FIRE suppression forces
Conners 1998)
1945 Excess WWII military planes used to monitor fires and aid in (Davies and
suppression across National Forests Frank 1992)
(Strothmann and
1950s — Road construction in Klamath and Six Rivers National Forests
_ _ Roy 1984;
1960s to support timber extraction
Conners 1998)
(Bowers and
1969 National Environmental Policy Act codified
Carpenter 2011)
1975 Indian Self-Determination and Education Assistance Act (Strommer and
codified Osborne 2014)
1960s — Gasquet-Orleans road through sacred Karuk, Yurok and Tolowa (Bowers and
1980s spiritual areas proposed, resisted, and litigated Carpenter 2011)
1978 Creation of Redwood National Park in Yurok territory allows (Schrepfer 1983)
increased timber removal in Six Rivers National Forest
1980s — Basketweavers establish partnerships with Forest Service staff (Hunter 1988;
1990s  to support cultural burning of fire-enhanced basketry resources  Ortiz 1998)
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1994

2003

2010

2013

2016

2018

2011 -
2019

Northwest Forest Plan enacted and reduces timber extraction on
National Forests

Healthy Forests Restoration Act codifies stewardship
contracting and eliminates planning rules to accelerate
hazardous fuel reduction and prescriptive burning

Orleans Community Fuel Reduction project destroys Karuk
spiritual trails, and amplifies distrust between Tribal members
and the Forest Service

Karuk and Yurok Tribal partnerships with the Fire Learning
Network initiate prescribed fire training exchanges (TREX)
MOU between Six Rivers National Forest and Karuk Tribe
allows cooperative cultural burning

Somes Bar Integrated Fire Management Project, initiated by the
Karuk Tribe and the Western Klamath Restoration Partnership,
approved

Yurok Tribe increases funding for cultural burning and land
acquisitions using California carbon sequestration market

(AB32) and other funding mechanisms

(Charnley et al.
2018)
(Davis 2004)

(Scott-Goforth
2013; Tripp
2019)

(Terence 2016)

(T. Marks-Block,
pers. obs., 2016)
(USDA Forest
Service PSW
Region 2018)
(Manning and
Reed 2019)
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CULTURAL FIRES IN KARUK AND YUROK TERRITORY: 2014 - 2019

Tribal Fire Management and Constraints to Cultural Burning

From 2014 — 2019, the Karuk and Yurok Tribes, and organizations such as the Cultural
Fire Management Council (CFMC) and the Orleans Somes Bar Fire Safe Council (OSBFSC)
have raised and invested considerable resources into revitalizing the practice of cultural burning
and developing alternative ways to manage wildfires to limit suppression tactics. Each Tribe has
established its own wildland fire team under self-governance policies that emerged from
American Indian organizing in the 1970s and the passage of the Indian Self-Determination and
Education Assistance Act of 1975 (Strommer and Osborne 2014; Wilkins and Stark 2017). These
wildland fire teams are contracted to conduct suppression on wildfires throughout the region
(Lake 2011). They also conduct cultural burning within their ancestral territories. Despite this
investment, relatively little cultural burning has occurred (Chapter Five) compared with pre-
colonial levels and future objectives. Therefore, to deconstruct federal and state prohibitions on
cultural burning, and to disincentivize the investment in an entrenched bureaucratic infrastructure
to suppress fires (Pyne 2016; Ingalsbee 2017), concerted efforts are required to establish reliable
systems of cultural burning that can employ wildland fire personnel currently financially reliant
on fire suppression.

In the summer of 2014 and 2017, several large lightning-ignited fires (> 40,000 ha
combined) occurred in Karuk and Yurok territory that produced poor air quality and precipitated
a major influx of temporary labor to minimize fire spread. Tribal staff in the Karuk Department of
Natural Resources (DNR) stated that the federal response to the fires was excessive, wasteful, and
destroyed culturally-important places where Tribal members hunted, gathered and conducted
spiritual practices (Norgaard 2019). Recent Tribal oversight of these fire incidents has reduced
the construction of destructive bulldozer lines and tree-felling in the name of fire suppression. In
2017, the Karuk wildland fire team reported that they were able to collaborate with a federal
incident management team to conduct positive cultural burning near a wildfire incident to prevent
wildfire spread, and to protect and enhance hardwood stands (D. Medford, pers. com., 2018).
They were able to take advantage of a wildfire incident to achieve burning objectives that
otherwise would not have been permitted.

Without local wildfire incidents, funds to conduct cultural and prescriptive burns on
National Forest lands remain quite limited. Although the Northwest Forest Plan encouraged a
transition to develop employment opportunities surrounding ecological restoration and

prescriptive burning (Charnley et al. 2018), Congressional budget allocations for such projects
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have not increased with this policy change (Hudson 2011). Instead, these projects are often
delayed because wildfire suppression costs reduce available funds for restoration (USDA Forest
Service 2015). The recent ‘wildfire funding fix’ in the US Congress Consolidated Appropriations
Act of 2018 (Taylor 2019) may be an effective budgetary mechanism that prevents wildfire costs
from diminishing available funds for prescriptive fire projects. However, the persistent emphasis
on timber volume sold to increase local National Forest budgets generates opportunity-costs for
administrators that can lead to the de-prioritization of prescriptive burning and restoration (Hirt
1996; Schultz et al. 2015).

In the Six Rivers National Forest, funding for prescriptive and cultural burning has been
inaccessible to local managers. Many planned burn sites are experiencing multi-year delays,
despite the completion of all National Environmental Policy Act (NEPA) reviews. Conducting
these burns remains a high priority for managers. Often, however, even when burn conditions are
appropriate, budget uncertainties may influence upper management who may not make the
necessary allocations. Safety policies, such as having contingency fire engines and personnel
available during prescriptive burns, are often unfunded, and prevent burns from occurring. Many
wildland fire staff are temporary, and agency budgets prioritize these positions during the peak of
the wildfire season when prescriptive burning is less likely to occur. From 2017 — 2019, wildfires
in other Californian regions precipitated an additional constraint, as CAL FIRE and Forest
Service leadership imposed state-wide bans on prescriptive burning, despite excellent controlled
burning conditions in Karuk and Yurok territory.

The communities of Orleans and Somes Bar are particularly susceptible to Forest Service
delays in prescriptive burning because they are surrounded by National Forest lands. In response,
the Karuk Tribe and the OSBFSC have organized to co-lead the Western Klamath Restoration
Partnership (WKRP), to conduct prescribed fire restoration and fuel reduction treatments on local
National Forest lands (Vinyeta and Lynn 2015). The Karuk Tribe and OSBFSC also lead annual
prescribed fire TRaining EXchanges (TREX) in collaboration with The Nature Conservancy and
governmental agencies to support burning on privately owned parcels (Harling 2015; Spencer et
al. 2015; Terence 2016). The increase in prescriptive burning on private parcels is partially
intended to create a buffer between these residences and the national forest lands to reduce
wildfire risk. TREX has helped generate trust among agencies as agency representatives all
collaborate on burning and gain expertise in using the federally mandated incident command
structure. The successful implementation of prescriptive burns under this model has allowed the
Tribe and OSBFSC to leverage more funding through CAL FIRE and federal sources to develop

a year-round prescriptive fire crew in the region that can be made available to the USDA Forest
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Service and private landowners. The WKRP plans to use this crew to support the implementation
of prescriptive burning on a pilot Forest Service restoration project in the Somes Bar area (USDA

Forest Service PSW Region 2018).

Contradictions of Cultural Burning

Through partnerships like the WKRP, the Karuk and Yurok Tribes have become quite
adept at integrating Indigenous objectives into Western forest and fire management. Tribal
expertise in management has allowed them to gain power and input over decision-making within
bureaucracies that formerly had little community or Tribal oversight. Although fire management
provides Tribal members with a source of income and moves Tribes toward their longer-term
objectives of increasing cultural burning, these institutionalized management activities also
detract from cultural and subsistence practices. Many Tribal members lament that their wage
work reduces their time to gather and hunt traditional foods and materials (Norgaard 2019;
Sowerwine et al. 2019). Fire management generates a dialectic between the bureaucratic and
managerial procedures necessary to increase fire on the landscape, and the livelihoods that
cultural burning intends to support (Nadasdy 1999; Fache and Moizo 2015; Petty et al. 2015).
These dynamics are indicative of what Anna Tsing calls a ‘pericapitalist space’—where
individuals are engaged in capitalist and non-capitalist forms of subsistence (Tsing 2015), and
what Jon Altman describes as a ‘hybrid’ Indigenous economy (Altman 2009). Tribal members
say it would be foolish to rely only on wages given the inherent economic declines built into
capitalism and the dependency on Congressional appropriations to sustain Tribal governance
structures. Hence, it is common to find Tribal members who, in addition to wage work and
traditional subsistence, are also engaged in growing Cannabis for additional cash income.

Northern Humboldt County, which encompasses much of Yurok territory and the
southern half of Karuk territory, is known for its liberal politics, and has long attracted left-
leaning non-native counter-culturalists who oppose logging and sustain themselves by growing
Cannabis (Salter 1982; Leeper 1990; Norgaard 2007). Since the statewide legalization of medical
(1996) and recreational (2016) Cannabis, Humboldt County has created one of the least
restrictive ordinances governing Cannabis cultivation. The growth of large, industrial-scale
Cannabis cultivation has come into conflict with the Tribes and others concerned about its
environmental impacts (Bauer et al. 2015; Butsic et al. 2017). These large Cannabis growers and
their employees are also transient, and typically do not engage in socio-ecological restoration
projects led by the Tribes. However, there are also longer-term and smaller-scale non-native

Cannabis growers and workers in the community. As noted by one Karuk Tribal member, the
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flexible working hours of this ‘weed economy’ have allowed many to volunteer and support
cultural burning efforts. Hence, the Cannabis economy contributes to a hybrid, peri-capitalist
economy, and the culture associated with Cannabis farming facilitates cultural burning and
Indigenous modes of subsistence.

Among some Tribal members skepticism remains that state-sanctioned burning will meet
their objectives, and thus, ‘renegade’ burning, an emic term for what the state refers to as ‘arson’,
is a parallel practice to increase the area and frequency of cultural fires. Renegade cultural
burning was quite common during my five years of field work in Karuk and Yurok territory.
Renegade burning included burning wood piles without a permit, broadcast burning adjacent to
recent state-sanctioned burns to safely expand existing burned areas, burning under the cover of
night to reduce the risk of getting caught, and setting fires with no intention of limiting their
spread. Under ideal conditions, many experienced fire lighters can burn a few hectares by
themselves or with another person. This ‘renegade’ burning practice is significantly more
affordable and expedient when compared with the bureaucratic processes imposed by the federal
and state governments. Like sanctioned cultural burns, renegade burns have specific resource
objectives that range from improving basketry materials and deer forage to producing sufficient
smoke to reduce river temperatures for fish. Although there is frustration toward individuals who
ignite renegade burns that turn into large wildfires, many Tribal members understand the
motivation, and only wish the fires were set more strategically so that they prompted less state
scrutiny and home destruction.

In August 2016, several renegade fires that threatened homes were set along the main
thoroughfare on the Yurok reservation. These fires precipitated destructive suppression tactics
that harmed a gathering area for beargrass (Xerophyllum tenax), an important basketry material.
Later in September 2016, the Cultural Fire Management Council (CFMC) was prepared to initiate
the Yurok TREX that would bring fire professionals from across the West Coast to help them
conduct cultural burns. A light drizzle the previous day had moistened the forest canopy and one
of the leaders of CFMC said that these were perfect conditions for burning the understory.
However, CAL FIRE stated that they would only grant a burn permit if there was one tenth of an
inch of rain, as they were concerned about the risk of a fire escape. To many, this fire permit
denial was perceived as retribution for the August renegade fires because no one reported the
‘arsonist’. Thus, these renegade fires seemingly created difficulties for those attempting to build
trust and collaborations with the state for future negotiated autonomous burning.

In the following spring 2017, a temporary compromise emerged through the efforts of the
CFMC. Not only did CAL FIRE approve a grant for burning on the reservation, but they also
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agreed to join the burning efforts by providing personnel and equipment. Far from an anti-fire
behemoth, there are many within the CAL FIRE organization that support prescriptive burning.
One CAL FIRE middle manager stated that he learned the importance of cultural burning long
ago from the Yurok friends he made while studying at Humboldt State University, and he was
proud to light fires alongside them.

The Future of Cultural Fire

Although the goals of the Forest Service may have expanded to include multiple
objectives (including ecological restoration), timber extraction for profit remains a prominent
objective that, as practiced, is not aligned with other objectives (Hudson 2011). Prescriptive
burning and timber extraction are no longer seen in opposition by government agencies, in
contrast to the initial decades of California forestry (Show and Kotok 1924; Clar 1959).
Moreover, the passage of the Healthy Forests Restoration Act in 2003 was strongly supported by
timber companies, and provided funds for fuel reduction methods such as prescriptive burning
(Sun 2006). Timber companies and the Forest Service now agree that burning improves timber
stands and protects them from wildfire. However, the expansion of prescriptive burning by the
Forest Service may prove to be yet another subsidy for timber interests that deprioritizes the other
eco-cultural benefits of low-intensity fire.

Prescriptive burning by timber companies in this region largely ceased by the 1990s
because of increased liability risks and air quality concerns. But the grassroots resurgence of
prescriptive burning with support from CAL FIRE indicates to timber companies that they may
be allowed to re-introduce such burning practices to their timber holdings. The appropriation of
prescriptive burning for these commercial purposes concerns Tribal members who do not want to
be perceived as complicit with the timber industry. Nonetheless, colonial and Tribal government
fire management tactics are now more aligned than ever before, and with federal and state
regulations requiring Tribal consultation (Dockry et al. 2017; Long et al. 2018b), Tribes are
capitalizing on their political position to gain increased autonomy over fire management.

In Karuk and Yurok territories, the larger issue of land dispossession and colonialism
remain at the core of the challenges related to expanding prescriptive burning. Many Karuk and
Yurok families would like to increase the proportion of fire-enhanced resources in their diets to
improve health and maintain spiritual connections with the land and their ancestors (Norgaard
2019; Sowerwine et al. 2019). However, in Karuk territory, most of the land is controlled by the
USDA Forest Service, and the majority of private property is no longer in the possession of

Karuk families. On the Yurok reservation, ~50% of all property is now owned by private timber
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companies, and many families have lost their allotments through fraud or their properties are
highly fractionated and difficult to manage (Shoemaker 2003; Carroll et al. 2010; Huntsinger and
Diekmann 2010; Yurok GIS Program 2015). Tribal members who do not own property or have
access to allotments cannot gain as many benefits as those who own properties and can directly
benefit from TREX burns. Setting a fire on traditional hunting and gathering tracts that are now
under Forest Service or private timber company jurisdiction remains high risk as it can result in
expensive fines and imprisonment. Because prescriptive burning is such a highly regulated
practice, and land is in such low supply, Tribes primarily have used legal avenues to expand
burning.

Reflecting on the use of cultural fire today, as opposed to during the height of fire
suppression (e.g., 1920 — 1970), Chook Chook Hillman (Karuk) states:

Maybe they could have continued to do ceremonial fire, but I wouldn’t have been

here today because they would have been rubbed out or doing 40 years in prison

for arson...I’m not going to see the results of my work [today], and that’s okay,

because we don’t do it for ourselves, we do it out of this responsibility...I’'m

doing it because that’s my job as a Karuk person (Muldavin 2019: 06:32-06:40,

07:23 - 07:39).

Although the extent of cultural burning is limited at present, Chook Chook recognizes that his
actions to expand cultural burning within the current political framework is strategic, and will
facilitate expanded autonomy in future generations. Although cultural burning during ceremonies
has not yet been revitalized, the preparations are underway (USDA Forest Service PSW Region
2018: 18).

In Karuk territory, developing partnerships with the USDA Forest Service has been the
most effective activity to expand cultural burning. In the past decade the Forest Service has
become more accommodating and cooperative toward planning and conducting cultural burns on
lands under their jurisdiction. In 2016, the Karuk wildland fire crew was able to conduct a
cultural burn alongside a Forest Service wildland fire crew for the first time with a Memorandum
of Understanding (MOU) between both governments. This MOU was an important step for the
Tribe to increase their ability to burn in their ancestral territory and required several years of
administrative negotiations. Additionally, there are Karuk Tribal members have been organizing
with non-native residents to call for the return of privately owned properties to Indigenous
families to support Indigenous land management and livelihoods (Hurwitz and Bourque 2018).
Other non-native residents in Karuk territory are actively involved in the OSBFSC, and either

volunteer or are paid to support Tribally led fire restoration projects.
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The Yurok Tribe has been purchasing property in their ancestral territory using a diverse
funding strategy that includes carbon offset funds from California’s AB32 carbon emissions
market (Manning and Reed 2019). The Tribe intends to use cultural burning in these areas to both
restore the landscape and sequester carbon. However, participating in the cap and trade program
has been controversial. The carbon market allows companies to pay offsets for their carbon
emissions, and climate justice organizations believe this negatively affects adjacent communities
and does not do enough to reduce carbon emissions (Blanchard and Vira 2017). Furthermore,
some Tribal members worry that the restrictions governing these carbon sequestration agreements
will preclude the restoration of non-forested prairies and savannas.

The Tribe has also been working with their Congressional representative to pass
legislation that would expand their reservation by, in part, re-patriating a USDA Forest Service
research forest known as the Yurok experimental forest (Mukherjee 2019). These actions and
proposals are well within US federal law, yet they are advocating for greater Tribal sovereignty
and funding allocations from Congress to benefit Tribal communities that have been marginalized
by colonial policies (Myers 2019).

Cultural burning is a critical component of a broad movement toward Tribal sovereignty
through cultural revitalization (Hillman and Salter 1997; Simpson 2011; Carroll 2015). Therefore,
cultural burning faces challenges similar to those of Indigenous struggles worldwide that are
subverted through resource extraction and white supremacy (Moreton-Robinson 2015; Lightfoot
2016; Estes 2019). This exploitative colonial strategy has produced dire social, economic, and
health outcomes for Karuk and Yurok Tribal members (George 2017; Norgaard 2019). These
circumstances have engendered the use of multiple strategies to regain autonomy and self-
sufficiency. Some of these strategies include developing self-governance contracts with the
Bureau of Indian Affairs and other federal agencies to provide health care and other basic needs
to Tribal members in remote areas (Strommer and Osborne 2014). Providing fire protection and
developing forestry departments is a means by which Tribes can exercise self-governance within
the framework of federal Indian law (Harris et al. 1995; King 2007). The Bureau of Indian Affairs
has no expectations or requirements that Tribal wildland fire departments initiate cultural
burning, yet the Karuk and Yurok Tribes have done just that. Inevitably, internal Tribal politics
regarding how these departments function and use resources remain contentious (Carroll 2015).

Although strong arguments and views persist that Tribal and First Nation engagement
with colonial structures co-opt and subvert Tribal autonomy (Allred et al. 2011; Coulthard 2014;
Simpson 2017), individuals and groups working within these structures may also facilitate forms

of governance that are aligned with decolonization (Carroll 2015). Karuk and Yurok Tribal
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members recognize the persistent hegemonic power held by the US government, yet believe
possibilities exist for inserting relational forms of thinking into federally-mediated self-
governance institutions and collaborations (Carroll 2015). Although there is a threat of co-
optation (Nadasdy 1999), participants in these collaborations believe that cultural burning helps
build alliances and solidarity from non-native communities that will contribute to long-term
victories against colonial governance. Karuk wildland fire leader Herman Albers states that “we
have 1.2 million acres that we want to treat and restore and we can’t do it alone. If we are trying
to do it ourselves it’s going to take too much time” (Muldavin, 2019: 03:39 - 03:48).
Indigenous resistance against fire exclusion and land dispossession in Karuk and Yurok
territories has taken many forms since the state of California and National Forests were
established. To ensure the persistence of cultural burning, Tribal members have engaged in
renegade burning, informal collaborations with US Forest Service and CAL FIRE staff, and
formal partnerships between Tribal and land management agencies. These multiple modes of
resistance have all increased support and awareness of cultural burning across diverse
jurisdictions. Currently, Tribes and Tribal members are positioned to expand cultural burning
with the broad support of non-native residents, government staff, and elected officials. This
expansion of cultural burning will undoubtedly benefit future generations of Indigenous and non-

Indigenous Californians and their non-human relations.
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CHAPTER 3

Effects of Understory Fire Management Treatments on California Hazelnut, an Ecocultural
Resource of the Karuk and Yurok Indians in the Pacific Northwest.

Reprinted from Forest Ecology & Management, Vol 450, Authors, Tony Marks-Block, Frank K.
Lake, and Lisa M. Curran. Page 117517, 2019, with permission from Elsevier.

ABSTRACT

Before widespread fire exclusion policies, American Indians used broadcast understory fires or
cultural burns to enhance resources integral for their livelihood and cultural practices. To restore
ecocultural resources depleted from decades of fire exclusion and to reduce wildfire risks, the
Karuk and the Yurok Tribes of Northwest California are leading regional collaborative efforts to
expand broadcast fires and fuel reduction treatments on public, private, and Tribal lands in their
ancestral territories. Through collaboration with Karuk and Yurok Tribal members and
basketweavers, we evaluated the effects of broadcast fires and three fire proxy treatments on
California hazelnut shrubs (Corylus cornuta var. californica) that produce highly valued
ecocultural resources for basketry materials. Across a 10 ha Douglas-fir and mixed hardwood
forest (500 m a.s.l.) in the Klamath mountains, we established 27 stratified blocks (16 m?) and
within each block applied three fire proxy treatments designed and used by Tribal members with
an untreated control. These treatments involved manual hazelnut stem cutting, directly blistering
hazelnut stems via propane torch, and igniting surface fuels piled within hazelnut shrubs to top-
kill stems. Broadcast fire was applied to 12 separate blocks. After a full growing season (12 - 18
months post-treatment/burn), shrubs were re-measured. We then harvested these stems (n=604;
50 shrubs) across treatments and compared results with stems gathered independently by two
experienced Karuk/Yurok basketweavers (n = 396 and n = 73) from an adjacent broadcast burned
site. Compared to the untreated shrubs, pile burning, propane torching, and broadcast burning
increased basketry stem production by 7 to 10 fold (p < 0.001), while the cutting treatment
increased production by 4-fold (p = 0.006). Shrubs with relatively greater access to sunlight
(southern aspect, > 51% and < 70% canopy cover) produced fewer quality stems when compared

to shrubs with an eastern aspect (p < 0.01) and > 70% canopy cover (p < 0.05). Harvested stems
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across all treatments displayed similar stem length distributions to those gathered by one of the
two basketweavers (p > 0.05). Our results demonstrate that these fire-proxy methods are an
effective means to increase the production and quality of basketry materials. Expanding the area
and frequency of targeted understory fire-based forest treatments on private, public and Tribal
lands in California and the Pacific Northwest would substantially increase the availability of these

fire-enhanced ecocultural resources that are currently limited in supply and in high demand.

INTRODUCTION

As a result of historic fire exclusion policies in the American West, American Indian
communities have sought to re-integrate prescribed fire and other fuel reduction treatments to
decrease wildfire risks on Tribal lands and across other jurisdictions within their ancestral
territories (Carroll et al. 2010; Long and Lake 2018; Kolden 2019). Tribes have expressed strong
interest to use prescribed fire to improve the density and availability of culturally and
economically important plants, fungi, and animals, referred to as ‘ecocultural resources’ (Carroll
et al. 2004; Lake et al. 2017; Anderson 2018; Long and Lake 2018). Although ecocultural
resources are similar to nontimber forest products (Charnley et al. 2007; Jones and Lynch 2007;
Chamberlain et al. 2018), ecocultural resources are also integral to Indigenous identity (Kimmerer
2011; Long et al. 2018b).

Co-management agreements between Tribes and public land agencies, such as the United
States Department of Agriculture (USDA) Forest Service, reflect recent efforts to integrate Tribal
ecocultural resource objectives into management plans (Carroll et al. 2010; Donoghue et al. 2010;
Bussey et al. 2015; Catton 2016; Diver 2016; Dockry et al. 2017; Jurney et al. 2017; Long and
Lake 2018). Although numerous studies exist on the effects of prescribed fire, along with manual,
mechanical, and pile burning fuel reduction treatments on fire severity (Kalies and Kent 2016),
only a few studies in North America examine the effects of such treatments on ecocultural
resources (Lathrop and Martin 1982; Lake 2007; Shebitz et al. 2009; Hankins 2013; Halpern
2016; Peter et al. 2017; Wynecoop et al. 2019). Given that pre-colonial Indigenous burning,
coppicing, transplanting, and harvesting sought to enhance ecocultural resources, specifically
examining how such treatments affect these resources may provide useful information to support
the objectives of Tribes and land management agencies involved in ecological restoration, socio-
economic development, and wildfire risk reduction (Senos et al. 2006; Kalies and Kent 2016;

Anderson 2018; Charnley et al. 2018).
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After several decades of limited fuel treatments, the Karuk and the Yurok Tribes in
Northwest California are leading regional efforts to expand fuel reduction treatments and
prescribed fires on public, private, and tribal reservation lands in their ancestral territories to
protect structures and to restore ecocultural resources (Fig. 3A; Diver, 2016; Harling, 2015; Long
et al., 2018; Robbins et al., 2016). Fire-enhanced ecocultural resources (e.g., acorns, berries,
basketry materials, and wildlife) are integral to the Karuk and Yurok Tribes (Harrington 1932;
Heffner 1984; Huntsinger and McCaffrey 1995; Baldy 2013; Norgaard 2014). In Karuk and
Yurok territory, and elsewhere in California, American Indians refer to their prescribed fires as
‘cultural burns’, because the burns aim to improve the qualities and densities of ecocultural
resources central to subsistence and ceremonial practices (Aldern and Goode 2014; Long et al.
2018b). Cultural burning is a critical component of ‘ecocultural revitalization’ efforts in
Northwest California given the centrality of fire-enhanced resources to cultural practices. Cultural
burning distinguishes these fires from the fuel reduction-focused prescribed burns of public land
agencies whose primary objective is to reduce fuel loads, and thus, moderate wildfire intensity
(Schwilk et al. 2009; Collins et al. 2010).

Since the early 1990s, forest management in the Pacific Northwest and Tribal
consultation policies have undergone several major conceptual and programmatic changes
coupled with legislation (Thomas et al. 2006; Vinyeta and Lynn 2015). American Indian political
organizing resulted in the passage of legislation to reform the National Historic Preservation Act
in 1992 that required US governmental consultation with Tribes surrounding cultural resources in
their ancestral territories (Stapp and Burney 2002). In 1994 and 2000, US President Clinton
issued executive orders that expanded consultation requirements to all decisions that had
implications for Tribes (Clinton 1994, 2000). These executive orders along with other internal
actions of USDA Forest Service staff catalyzed the hiring of Tribal liaisons and the formation of
the Office of Tribal Relations (Catton 2016). Consequently, to meet these treaty and federal
Indian trust obligations, collaborations among Tribes and public land agencies became

increasingly formalized (Lake et al. 2018; Long et al. 2018b).
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Figure 3. (A) Study region with federal jurisdictional boundaries and Karuk and Yurok
territories. Ancestral territory boundaries, provided by the Karuk and Yurok Tribes, represent
reconstructions, but currently are not fixed or rigid boundaries. Ancestral lands of other
Northwest California Tribes (e.g., Tolowa, Wiyot, Hupa, Shasta) are not included here, but note
that their ancestral lands may partially overlap with the boundaries rendered here (Baumhoff
1963). (B) Western Region of the United States of America, including California hazelnut
(Corylus cornuta var. californica) distribution derived from the Atlas of US Trees (Little Jr
1971) as well as the area encompassed under the Northwest Forest Plan (2002). The study
region is depicted by the red square.

With the implementation of the Northwest Forest Plan (NWFP) in the 1990s (Fig. 3B),
forest management on public lands in Karuk and Yurok ancestral territories shifted from timber
extraction toward ecological restoration and endangered species conservation (e.g., Northern
Spotted Owl, Strix occidentalis) dependent upon old-growth forests (Thomas et al. 2006). The
NWEP also precipitated the development of new National Forest plans and established regular
federal monitoring of Tribal consultation processes that created opportunities for the Karuk Tribe
to influence forest policy and resource management within their ancestral territory (Senos et al.

2006; Vinyeta and Lynn 2015; Diver 2016; Long et al. 2018b). These policy changes as well as
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the 2001 National Fire Plan and the 2003 Healthy Forests Restorations Act established
benchmarks and best practices coupled with earmarked funds for fuel reduction treatments, and
supported collaborative projects to manage fire in Karuk and Yurok ancestral lands (Lake 2011).
In California and the Pacific Northwest, the USDA Forest Service annually treats more area with
understory mechanical thinning than prescribed fire to reduce forest surface fuels (Vaillant and
Reinhardt 2017). Impediments to prescribed fire and fuel reduction include seasonal restrictions
on fuel reduction activities for threatened and endangered wildlife, staff reductions associated
with the decrease in timber receipts from NWFP mandates, burn restrictions during major
wildfire events, and air quality regulations that constrain available burn days (Williams 2009;
Quinn-Davidson and Varner 2012; Calkin et al. 2015; Stephens et al. 2016; Schultz et al. 2018).
However, recent efforts within the USDA Forest Service to increase cross-jurisdictional
landscape-scale treatments, known as the ‘Shared Stewardship’ initiative seek to address several
of these constraints (USDA Forest Service 2018).

Despite these challenges, the Karuk and Yurok Tribes collaborate with the Fire Learning
Network (FLN) and other agencies to host annual prescribed fire training exchanges (TREX:
Butler and Goldstein, 2010; Harling, 2015; Long et al., 2018; Robbins et al., 2016; Spencer et al.,
2015). The FLN is an effort by the USDA Forest Service, US Department of the Interior, and The
Nature Conservancy to restore fire-dependent landscapes by engaging in collaborative,
community-based planning. On the Yurok reservation, the Cultural Fire Management Council
(CFMC) leads efforts to expand cultural burning in partnership with the Yurok Tribe and the
California Department of Forestry and Fire Protection (Yurok Tribe 2015). CFMC is a
community-based organization led by Yurok Tribal members that support private and Tribal
landowners who seek to conduct cultural burns on their properties by sharing equipment,
providing necessary personnel, and submitting permits. The Karuk Tribe is collaborating with the
USDA Forest Service, the Orleans-Somes Bar Fire Safe Council, and other community
organizations to initiate fuel reduction and cultural burn treatments in their territory through the
Western Klamath Restoration Partnership (WKRP; Lake et al., 2018; Long et al., 2018; USDA
Forest Service PSW Region, 2018; Vinyeta and Lynn, 2015). The WKRP is composed of NGOs,
Tribes, and government agencies that have initiated a pilot project near Somes Bar, CA to apply
mechanical and prescribed fire treatments in fire excluded forests. Upon completion, they have
proposed to expand these fire treatments across 480,000 ha. (Lake et al. 2018; Long et al. 2018bj;
USDA Forest Service PSW Region 2018).

Substantial ethnohistorical information exists on the effects of fire on ecocultural

resources worldwide (Scherjon et al. 2015; Trauernicht et al. 2015) and in the Pacific Northwest,
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and California, in particular (Blackburn and Anderson 1993; Lewis 1993; Boyd 1999; Anderson
2005). However, empirical ecological effects of contemporary fuel reduction treatments on
ecocultural resources are not well known, and such studies may serve to inform adaptive and
collaborative management projects in American Indian territories (Berkes et al. 2000; Anderson
2002; Long et al. 2018b; Wynecoop et al. 2019). Species-specific studies have demonstrated that
prescribed burning improves the densities of blueberries (Vaccinium spp., Duchesne and Wetzel,
2004) and reduces insect infestation in tanoak acorns (Notholithocarpus densiflorus, Halpern,
2016). Fire has been shown to increase the density and enhance the quality of several plant
species (e.g., Xerophyllum tenax beargrass, Muhlenbergia rignes deergrass, Anthoxanthum nitens
sweetgrass) used for American Indian basketry resources (Lathrop and Martin 1982; Anderson
1999; Shebitz and Kimmerer 2005; Griffith et al. 2007; Gagnon and Platt 2008; Shebitz et al.
2009; Peter et al. 2017; Hart-Fredeluces and Ticktin 2019).

California hazelnut (Corylus cornuta Marsh. var. californica) is a critically important
ecocultural resource for Karuk and Yurok Tribal members. California hazelnut ranges from
British Columbia to the southern Sierra Nevada and central coastal mountains of California and
extends over ~76% (180,471 km?*) of the NWFP area (Fig. 3B; Little Jr, 1971; Thompson et al.,
2015). California hazelnut is a deciduous, multi-stemmed shrub that resprouts vegetatively after
disturbance, similar to Corylus americana and Corylus cornuta var. cornuta in central and eastern
North America (Buckman 1964; Pelc et al. 2011). Throughout California hazelnut’s range, the
nuts are consumed by American Indians (Thompson 1991; LaLande and Pullen 1999; Cuthrell
2013; Fine et al. 2013; Armstrong et al. 2018). Across the Pacific Northwest, California hazelnut
stems continue to be used by American Indians for basketry and material culture (Mason and
Coville 1904; Moerman 1998; Turner 1998; Zobel 2002) with similar uses of Corylus spp.
persisting throughout Europe (Bichard 2008; Batsatsashvili et al. 2017). The straight and
unbranched stems of recently burned hazelnut shrubs are in high demand by California Indians to
produce baskets for diverse uses (Fig. 4, Anderson, 1999; Bibby, 2004; Harrington, 1932;
Heffner, 1984; Hunter, 1988; Johnson and Marks, 1997; Kallenbach, 2009; Levy, 2005;
Mathewson, 2007; O’Neale, 1932; Ortiz, 1998, 1993; Salberg, 2005; Shanks, 2006; Thompson,
1991; Underwood et al., 2003). In 2017, basketweavers reported hazelnut stems selling for $1 per
stem, indicating their socio-economic value (T. Marks-Block, pers. obs., 2018). Moreover, the
diverse products constructed from these materials reflect their artistry skills, cultural significance,
and ancestral history and identity as well as bestow respect for these talented basketweavers
(Johnson and Marks 1997; Mathewson 1998; Bibby 2012). One type of basket in high demand is

the baby cradle as these cradles remain a central component of child rearing in Northwest
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California Indian culture (Bibby 2004). These baskets often require ~300 hazelnut stems to
produce and then may be sold for ~$800 dollars (T. Marks-Block, pers. obs., 2018).

Based on ethnographic studies, Northwest California Indians such as the Karuk and
Yurok reportedly initiated relatively small (<4 ha) understory broadcast fires in the summer and
fall months every 2 — 5 years in hazelnut groves to increase concentrations and quality of basketry
stems (Harrington 1932; Thompson 1991; Huntsinger and McCaffrey 1995; LaLande and Pullen
1999; Stewart 2002; Anderson 2005; Busam 2006). As cultural burning diminished due to the
enforcement of fire exclusion policies, basketry stems reportedly became scarce because only
poor quality gathering areas remained that, in turn, highly constrained basketry production
(O’Neale 1932; Bright 1957; Heftner 1984; Huntsinger and McCaffrey 1995; Levy 2005;
Norgaard 2014). For example, based upon 43 interviews with basketweavers in 1929,
anthropologist Lila O’Neale reported that:

Hazel sticks are conceded by the women of both tribes [ Yurok and Karok] to be

the best, but the most difficult to procure nowadays. New little shoots from a

ground recently burned over are ideal. This statement is followed, however, by

the lament that fires cannot be set as they used to be by the old-time weavers, and

by the regret that accidental burnings occur seldom in places where they do

basket makers any good (O’Neale 1932:15).

Because of these resource availability challenges, basketweavers and stem gatherers have used
permitted techniques to generate hazelnut re-sprouting that serve as substitutes or proxies for
cultural burns (F. Lake, pers. obs; Hunter, 1988).

To evaluate these techniques for potential inclusion into larger-scale fuel reduction
management areas, we collaboratively designed a field experiment to compare the efficacy of
four practices (Fig. 5) used by Yurok and Karuk Tribal members to increase hazelnut stems for
basketry: 1) cutting or the manual coppicing of hazelnut shrubs (Hunter 1988); 2) pile burning of
surface fuels including needle/leaf litter and 1-hour (0.00-0.64 cm diameter) and 10-hour (0.64-
2.54 cm diameter) fuels within individual hazelnut shrubs; 3) propane torch burning of individual
hazelnut shrubs (Ortiz 1998); and, 4) prescribed cultural burns set to broadcast, or move through
the understory, to top-kill multiple hazelnut shrubs. Among these treatments, we compare and
contrast the production of suitable shoots: straight, unbranched basal re-sprouts of hazelnut
shrubs (Fig. 4). Then we evaluate if canopy cover, aspect, and the presence of deer browse
influence the productivity of basketry stems. Basketry stems were harvested post-treatment and
compared and then contrasted by length and diameter with stems harvested independently by two

experienced Karuk/Yurok basketweavers from an adjacent broadcast burned site.
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Figure 4. Hopper Basket (center) Used to Pound Acorns with Unpeeled (left) and Peeled
(right) Hazelnut Basketry Stems. This basket is composed of peeled hazelnut stems similar
to those shown along with other materials. Photo: Frank Lake, USDA Forest Service and
Karuk Tribe.
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Figure 5. Four Hazelnut Shrub Treatments. (A) Pre- and post-cut treatment. All stems in
each shrub were cut to ground level (<5 cm) to stimulate coppicing, and to mimic mechanical
understory clearing and piling for fuel reduction. (B) Pile burn treatment during combustion.
Surface fuels (primarily 1-hr, 10-hr fuels, and surface litter comprised of conifer needles and
hardwood/shrub leaves) were placed between hazelnut stems within a shrub to form a burn pile
(<25 cm height). (C) Propane torch burn treatment. Hazelnut shrub stems were burned at
ground level to cause bark blistering and stem mortality. (D) Broadcast burn treatment. A fire
was set with drip torches to back down-hill and allowed to spread to kill above-ground hazelnut
stems.
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These treatments and measures were conducted in direct collaboration with Karuk and
Yurok basketweavers whose ecological knowledge and harvesting practices informed this study
and sampling design (McLaughlin and Glaze 2008; Lake 2013). Basketweavers have observed
that hazelnut shrubs that grow in areas with relatively greater sun exposure produce extensive
lateral branching, thus reducing viable basketry stems post-treatment (Johnson and Marks 1997;
Mathewson 1998; Ortiz 1998), but may increase nut production. Basketweavers also report that
stem sprouts from coppiced hazelnut are not as pliable as stem sprouts that emerge from burned
hazelnut (F. Lake and T. Marks-Block, pers. obs.). While we did not evaluate this stem
characteristic, Rentz (2003) demonstrated that burned hazelnut stems contained a greater wood-
to-pith ratio than unburned, coppiced hazelnut stems, lending empirical support to basketweavers’
observations. Because basketweavers and managers have also reported that deer and elk browse
may negatively affect basketry production (Underwood et al. 2003), we also included the
presence of this activity in our observations.

Our study combines Indigenous ecocultural and ‘western’ scientific epistemologies to
monitor and manage forests as advocated by American Indian fire and forest managers
(Mazzocchi 2006; Mason et al. 2012; Lake et al. 2017). This integrated participatory approach
seeks to identify effective practices for improved ecocultural resource management, such as
enhancing both the density and quality of basketry materials (Emery et al. 2014; Bussey et al.
2015; Hummel and Lake 2015; Mockta et al. 2018).

METHODS

Social science methods

To develop an ecological research project focused upon an Indigenous ecocultural
resource, we initially drew from Indigenous and anthropological research methods such as
participatory and reciprocal study design and observations that serve to foster relationships of
trust among academics, Indigenous scientists, and cultural practitioners (Smith 1999; Wilson
2008; Bernard 2011; Lake et al. 2017). We worked with Tribal cultural practitioners and Tribal
government staff over several years to integrate ecocultural resource objectives into land
management plans. This investment and participation in the community generated trust and led to
accountability, reciprocity, and collaboration among researchers and Tribal members (Lake
2013). The collection of qualitative and quantitative social science data was developed and
reviewed iteratively by as the Karuk and Yurok Tribes, who have their own independent research

review processes to generate accountability and collaboration with researchers (Sarna-Wojcicki
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2014; Karuk Tribe et al. 2017). These proposals then received approval by our institutional
human subject review boards at the Oregon State University and Stanford University.

Sampling design and implementation initially was informed by semi-structured
interviews, participant observations and collaborative field work with Karuk and Yurok
basketweavers and cultural practitioners conducted by Lake (2002 - 2008; Lake, 2007;
McLaughlin and Glaze, 2008). Initially, Lake worked closely with key basketweavers to develop
research objectives and accountability. Building on collaborations established by Lake, Marks-
Block conducted ecological field measurements from 2014 — 2019 of cultural burns (rn = 15) for
hazelnut stem production supplemented by additional interviews and direct observation of
basketry stem gathering with basketweavers (n = 44) that informed the analyses and interpretation
of the treatment data.

Our interviews and interactions with basketweavers corroborated that suitable basketry
stems were scarce due to fire exclusion (Heftner 1984; Hunter 1988; Ortiz 1998). Interviews also
confirmed that in the absence of broadcast burning, basketweavers and friends gathered hazelnut
stems from shrubs treated using the three fire treatment proxies (Fig. 5), although the relative
efficacy of these treatments remained unclear. Basketweavers also consistently recalled that the
departure of supportive USDA Forest Service managers created major set-backs, because they
had to re-establish lines of communication with new staff and inform them about their basketry
materials and fire treatment needs. Hence, as the National Fire Plan (2001) and the Healthy
Forests Act (2003) initiated increased fuel reduction treatments throughout this region
(Schoennagel et al. 2009), basketweavers and Tribal members often were not informed about the
schedules or locations of understory mechanical treatments and broadcast burns, and thus they
missed opportunities to gather hazelnut stems. As a result, basketweavers and collaborators
believed that an empirical study on the effects of several fire treatments on hazelnut shrubs could
assist managers in incorporating Indigenous resource objectives into their plans.

To evaluate what basketweavers consider to be stems of basketry quality, we attended
over 50 basketry classes and workshops supported by the Karuk and Yurok Tribes where we
received direct instruction from basketweavers. We also observed over 50 independent hazelnut
stem gathering trips to describe stem gathering practices. In these settings, all basketweavers
stated that stems must be straight, unbranched, and free of insect intrusions or bark blemishes.
Moreover, a wide range of both stem lengths and diameters are used depending on the type and
size of basket they are weaving. Stems having lengths (e.g., 10 — 50 cm) can be used to weave
earrings, tobacco pouches, or baby rattles, whereas longer stems (e.g., 50 — 100 cm) are suitable

for producing storage baskets or baby cradles. Small diameter stems (1 — 3 mm) are preferred by
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basketweavers conducting fine weaving, although the tapered tips of long stems with 4 — 12 mm
diameters may be used for similar purposes. Other basketweavers may select wide stems (5 — 12
mm diameter) for fish traps, storage baskets, or baby cradles.

As participant observers in both material gathering and production, we documented
basketweaver gathering site preferences and also constraints such as gathering in marginal
locations (e.g., clear cuts and mechanically thinned roadsides). Basketweaver Mrs. Verna Reece
stated : “it’s kind of hard to get burn[ing done]...When logging...they just burn [slash]...so it
wasn’t that good of material...Out in the open...[hazel stems are] kinda stalky, fat. It’s different
when you have...a canopy over it. It kind of reaches for the sun and kinda grows long, slender”
(Lake, 2007: 600).

From these basketweaver observations, we then broadly defined suitable quality basketry
stems, and focused our efforts on measuring the length and diameters of stems produced from
multiple treatments under a suite of biophysical conditions. Hazelnut morphology, structural
integrity, autecology, and basketry use criteria garnered from basketweavers informed the

sampling design, treatments, and measurements used here (Fig. 6).

Figure 6. Karuk Basketweavers Ms. Janet Morehead (left) and Ms. Lillian Rentz
(right), Peeling and Evaluating the Quality of Hazelnut Stems Gathered from the
Treatment area.
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Experimental methods
Study Area

Treatments were conducted on a 10 ha forest with abundant hazelnut shrubs on a
privately owned parcel that adjoins the Orleans Ranger District of the Six Rivers National Forest
in the Klamath River watershed. The study location is within the 1919 km? ancestral territory of
the Yurok Tribe and the 2728 km? ancestral lands of the Karuk Tribe (Fig. 3A; Waterman 1920,
Baumhoff 1963). In Karuk territory, the federal government did not establish a reservation,
leaving merely 3.83 km? of Karuk trust lands in their ancestral territory, with the remainder
largely under the jurisdiction of the Klamath and Six Rivers National Forests and scattered
private homesteads (Fig. 3A; Davies and Frank, 1992; Norgaard, 2014; US Census Bureau,
2017). As a result, Karuk Tribal members and management agencies must navigate the USDA
Forest Service claims on their ancestral territory and have limited options to expand their land
base through the acquisition of private land holdings. In Yurok territory, multiple overlapping
jurisdictions occur including Redwood National Park (192 km?* Underwood et al., 2003) and Six
Rivers National Forest (577 km?) outside of the reservation established by the federal
government. The reservation is located along a one mile buffer from the Klamath River’s estuary
to ~80 km upriver (~225 km?; Huntsinger and Diekmann 2010). However, 106 km?* (47%) of the
reservation is under private timber company ownership (Yurok GIS Program 2015).
Consequently, the Yurok Tribe must either coordinate or interact with multiple actors within their
ancestral territory, but they presently have greater options for acquiring private properties than the
Karuk Tribe.

Douglas-fir (Pseudotsuga menziesii) and mixed hardwoods (e.g., Arbutus menziesii,
Quercus kelloggii, Notholithocarpus densiflorus, Acer macrophyllum and Umbellularia
californica) comprise the forest overstory at the study site. In California, hazelnut is an
understory, multi-stemmed shrub (<6 m ht in this study region) that typically occurs below 2,100
m above sea level on mesic sites with well-drained soils (Fryer 2007). Relatively low-intensity
fires that historically scarred canopy trees every 10 — 17 years (Wills and Stuart 1994; Taylor and
Skinner 1998; Skinner et al. 2006; Crawford et al. 2015) often ‘top-kill” understory hazelnut
stems, which is when above-ground plant tissues are killed, while below-ground plant tissues

remain alive (Anderson 1999).
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Fire proxy treatments and prescribed burning of hazelnut shrubs

We replicated fire proxy treatments used by Karuk and Yurok Tribal members to mimic
prescribed fires that could be implemented by forest managers at fuel reduction sites with
hazelnut shrubs. These fire proxy treatments were: A) cutting all stems in each shrub to ground
level (<5 cm) as a means to stimulate coppicing, and to mimic mechanical understory clearing
and piling for fuel reduction; B) piling surface fuels (primarily 1-hr, some 10-hr fuels, and
adjacent surface litter consisting of needles/leaves) between hazelnut stems to form a small pile
(<25 cm height) that was subsequently burned; and, C) applying a propane torch flame near
ground level to hazelnut shrub stems until stems blistered indicating stem mortality (Fig. 5). The
prescribed fire treatment, referred to here as a ‘broadcast’ fire treatment, was allowed to spread
across multiple hazelnut shrubs (Fig. 5D), while all other fire treatments were constrained to
individually targeted shrubs.

We employed a randomized block design to establish 27 stratified blocks (block = 16 m?)
that included each treatment, except for the broadcast fire treatment (Fig. 7A). Blocks were
selected if they contained at least four hazelnut shrubs spaced > 1 - 2 m apart with similar
dimensions (e.g., shrub height, total stems, and stem diameter; Fig. 7B). Subsequently, total stems
and the potential ‘usable’ basketry stems were counted within each hazelnut shrub and shrub
height was measured over a 15 day period preceding the implementation of treatments on May
14, 2008. Based on basketweaver selection criteria, basketry stems were defined as straight stems
> 10 cm long without branching. Shrub height as well as the slope, aspect, and canopy cover were
recorded within each block. Slope was measured using a Suunto PM-5/360 PC Clinometer, aspect
was recorded using a compass, and canopy cover was measured four times with a spherical
concave densiometer at each cardinal direction above each shrub, to obtain a mean value (%) for
each individual (Lemmon 1956; Fiala et al. 2006). Aspects between 135° and 225° were classed
as southern (n=56) and aspects between 45° and 134° were classed as eastern (n=49). Canopy
cover < 50% (n = 12) was categorized as ‘low’, cover > 51% and < 70% as ‘medium’ (rn = 63),
and > 70% as ‘high’ (n = 30). After our pre-treatment surveys, we randomly treated three of the
shrubs within each block with a fire proxy and one shrub was designated as an untreated control
(Fig. 7B).

Historically in Karuk and Yurok territory, cultural burns primarily were applied in the fall
months (Harrington 1932; O’Neale 1932; Thompson 1991; Stewart 2002) with some occurring in
spring months (Lake 2007; Halpern 2016). Given the unpredictable availability of broadcast burn

conditions, the experimental and sampling design was conservative with all three fire proxy
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treatments and controls replicated as we were unsure whether broadcast burns could be included
in this study. Fortunately, suitable prescribed fire conditions occurred on October 28, 2008 and a
broadcast burn was applied to ~5 ha affecting 12 of the 27 treatment blocks (Fig. 7A). Fire lines
were established to preserve ~50% of the previously treated blocks in order to compare the intact
fire proxy treatments to the broadcast burn treatment (Fig. 7A). A backing fire with strip ignitions
(3 — 5 m apart) was set with drip torches, and the fire burned from 14:20 to 16:30 hours (Fig. 5D).
Temperature ranged from 69.5° F to 75.0° F, relative humidity spanned 39.5% - 48.0% and the
Yurok RAWS station (9 km from site) recorded fuel moistures between 7.4% and 12.3%. The
fifteen blocks with three fire proxy treatments and a control that were not affected by the
prescribed broadcast fire were then re-surveyed the following year (May 2009) when stems were
suitable for harvest (n = 60 shrubs). Only one of the fifteen pile burned shrubs died. After a full
growing season (18 months post-burn; April 2010), we re-surveyed 45 out of 48 shrubs in the 12
broadcast burned blocks as three tagged shrubs could not be re-located. Post-treatment
measurements included the density of basketry stems, total live stems, and the presence of deer

browse within each shrub.
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Figure 7. Study Site with Treatment Block Design. (A) Spatial distribution of treatment
blocks. The broadcast fire line divides the 15 fire proxy and untreated blocks from the 12
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Schematic block (16 m?) with four hazelnut shrubs (filled circles) that received fire proxy
treatments.
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Hazelnut stem measurements

On May 8, 2009, we harvested basketry stems (n=604) produced from 50 shrubs in the
cut (n=233), propane (n=205), pile burn (n=148), and control (n=18) treatments. Stems were cut
<5 cm from the ground, labeled, and then bark was removed to prepare the stem for weaving.
Stem diameter was measured with a digital caliper and stem length with a meter tape. These
stems harvested from the fire proxy treatments were then compared to hazelnut stem collections
gathered on May 3, 2008 by two experienced Karuk/Yurok basketweavers (n=396 and n=73)

from an earlier prescribed broadcast burn (October 2006) adjacent to the experimental study site.

Data Analyses

To evaluate the production of post-treatment basketry stems in each shrub among the
different treatments, we developed a negative-binomial generalized linear mixed model (GLMM)
using the glmmTMB package in R (R Core Team 2014; Magnusson et al. 2017). Block was set as
a random effect, and treatment, aspect class, slope, the presence of deer browse, pre-treatment
total stems, and canopy cover classes were included as covariate fixed effects. Pre-treatment total
stems were also included as a fixed effect to evaluate if shrub size affected the quantity of post-
treatment basketry stems. We used Type III Wald Chi Square tests to perform backwards
selection to find the model of best fit. To analyze the differences within categorical variables that
showed significance in the GLMM, we generated Estimated Marginal Means (EMMs) to address
imbalances in the study design (e.g., 45 broadcast shrubs versus 15 pile burned shrubs) using the
emmeans package and compared 95% confidence intervals using the Tukey and Dunnett methods
(Lenth 2018).

To analyze the length and diameter of stems gathered from the fire proxy treated and
control shrubs, we developed two gamma distributed GLMMs using the glmmTMB package.
Each shrub was set as a random effect in the model, and treatment, pre-treatment shrub height,
aspect class, and canopy cover class were treated as covariate fixed effects. We generated models
of best fit using backwards selection with Type III Wald Chi Square tests, and produced EMMs
to analyze differences in stem lengths and diameters within categorical variables using the Tukey
method. Stem length and diameter distributions from our treatment samples were compared with
the collections of two basketweavers using a multiple comparison Wilcoxon Rank Sum test

(Kabacoff 2015).
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RESULTS

The 86 treated hazelnut shrubs produced a total of 923 basketry stems (10.73 per shrub *
1.02), whereas the 19 control shrubs produced only 20 basketry quality stems (1.05 per shrub *
0.45). Within the broadcast burned blocks, six shrubs had died while four shrubs were unburned
and were then included in the untreated (control). All hazelnut shrubs that were treated with either
pile burning, propane torching, and, or a prescribed broadcast burn increased the production of
basketry stems from 7 to 10-fold in comparison with the shrubs in the untreated controls (p <
0.001, Table 2, Fig. 8). However, the quantity of basketry stems per shrub produced by the cut
treatment (EMM = 6.5, SE = 1.61) was only 4-fold greater than the untreated controls (EMM =
1.54, SE =0.60, p = 0.006, Table 2). The EMM of the cut treatment was reduced significantly
when compared with the EMM of the propane treatment (EMM = 15.45, SE =2.79, p = 0.025,
Fig. 8). Basketry stems among the propane, pile burn (EMM = 10.98, SE = 2.36), and broadcast
(EMM = 11.54, SE = 1.84) treatments did not exhibit significant differences (all = p > 0.25, Fig.
8).

Pre-treatment total stems (p < 0.001), aspect class (p <0.01), and canopy cover class (p <
0.05) imparted significant effects on basketry stem production in hazelnut shrubs (Wald Type III
Chi Square test; Table 3). Shrub size (pre-treatment total stems) and basketry stem production
exhibited a strong positive relationship (p <0.001, Fig. 9). Shrubs within eastern aspect classes
produce 1.73-fold more basketry stems (n = 49, EMM = 9.48, SE = 1.18) than those in southern
aspect classes (n = 56, EMM = 5.47, SE = 1.19, p <0.01). Within the canopy cover classes, the
shrubs within the medium canopy cover class (n = 63) produced a 5.08 EMM (SE = 0.86) of
basketry stems, whereas shrubs within the high canopy cover class (n = 30) produced 1.84-fold
greater basketry stems (9.36 EMM, SE = 1.75, p =0.03) than the medium canopy cover class.
Shrubs within the low canopy class (n = 12) had a 7.87 EMM (SE = 2.00) and did not differ
significantly from shrubs in the high (p = 0.83) or medium canopy cover classes (p = 0.27).
Within the initial negative-binomial GLMM, deer browse and slope did not impart significant
effects on basketry stem production (p > 0.05).

Basketry stem lengths gathered from the treated and control shrubs ranged from 11.00 —
118.60 cm (1 =43.24, SE = 0.83) and stem diameters ranged from 0.53 — 5.76 mm (n = 2.30, SE
= 0.04, Fig. 10). Basketweaverl gathered stem lengths ranging 14.10 to 81.20 cm (n = 38.97, SE
= (.58), and Basketweaver2 gathered stem lengths ranging 27.80 to 73.40 cm (u =47.76, SE =

1.29, Fig. 8B). From basketweavers’ sourced materials, stem diameter ranged from 0.96 —4.11
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mm (u =2.13, SE=0.03) and 1.64 —4.45 cm (n =2.89, SE = 0.07), respectively (Fig. 10A). The
distribution of basketry stem lengths and stem diameters gathered by Basketweaver2 were greater
than those gathered by Basketweaverl as well as those stems harvested from the fire proxy
treatment blocks and broadcast burn (Wilcoxon rank sum; p <0.001, Fig. 10). However, similar
stem length and diameter distributions were recorded from stems harvested in the fire proxy
treatment blocks and broadcast burn as well as those gathered by Basketweaverl (p > 0.05).
Results from the gamma GLMMs showed that pre-treatment shrub heights and aspect
classes had a significant effect on basketry stem lengths and diameters from treated and control
shrubs. A strong positive relationship was detected between pre-treatment shrub height and post-
treatment stem lengths and diameters (p < 0.001). Shrubs within the southern aspect class
produced both shorter length (EMM = 34.4 cm, SE = 1.62) and smaller diameter (EMM = 1.87
mm, SE = 0.08) stems post-treatment than eastern aspects (diameter EMM = 2.52 mm, SE = 0.15;
length EMM =47.6 cm, SE =2.79, p <0.001). Between the treated and control shrubs, basketry
stem length did not differ significantly. However, the stem diameters harvested from the pile burn
(EMM = 2.00 mm, SE = 0.12) and cut (EMM = 2.49 mm, SE = 0.127) treatments were
significantly different (p = 0.02). Propane treated stem diameters (EMM =2.14, SE=0.11) were
nonsignificant in the model (p = 0.15). No discernable effects of canopy cover classes on stem

diameter or length were detected.

Table 2. Effects of the fire proxy and broadcast burn treatments (e.g., cut, pile burn,
propane, broadcast) on hazelnut basketry stem production compared with the untreated
control. Estimated Marginal Mean (EMM) is back-transformed from the log scale and averaged
over the values of aspect and canopy classes. The contrast to control ratio is the treatment EMM
to untreated control EMM (1.54, SE = 0.60). The confidence intervals, #-statistic and p-values
were generated using the Dunnett method.

Contrast to Contrast

Treatment n EMM control ratio SE Cl ¢ ratio p value
Cut 15 6.45 4.19 1.87 1.38-12.7 3.22 0.0066
Pile Burn 15 10.98 7.13 3.05 2.46 —20.7 4.59 0.0001
Propane 15 15.45 10.05 4.16 3.57-28.2 5.57 <0.0001
Broadcast 41 11.54 7.50 3.07 2.70 -20.9 4.92 <0.0001
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Table 3. Variables Affecting Basketry Stems Within Study Blocks. Results of a Wald Type 111
Chi Square test on the significance of the treatments (control, cut, pile burn, propane, broadcast),
pre-treatment total stems, aspect class, and canopy class on basketry stems generated from a
negative-binomial generalized linear mixed model (GLMM). Aspects between 135° and 225°
were classed as southern (n = 56) and aspects between 45° and 134° were classed as eastern (n =
49). Canopy cover < 50% (n = 12) was categorized as ‘low’, cover > 51% and < 70% as
‘medium’ (n = 63), and > 70% as ‘high’ (n = 30). Two additional biophysical variables (deer
browse, slope) did not exhibit strong effects on basketry stems (p > 0.05) and were removed from
the model. Hazelnut shrub blocks (7 = 27; 16 m?) are set as random effects.

Fixed effect x> Df  pClx?)

Treatment 35.38 4 <0.001

Pre-treatment total stems 23.11 1 <0.001

Aspect class 6.99 1 0.008

Canopy class 7.14 2 0.028

Broadcast 1 —&— bc
- Propane —e— ¢
[«}]
£ Ppile Burn- —e— bc
[+¥]
=
Cut ® b
Control * a
0 1 2 3

Log Basketry Stems (EMM and 95% ClI)

Figure 8. Fire Proxy Treatment, Broadcast Burn, and Untreated Control Effects on
Hazelnut Basketry Stem Production. Estimated marginal means (EMM) of basketry stems
with 95% confidence intervals (log scale) within the control and four fire proxy treatments.
Letters indicate significant differences between treatments (p < 0.05).
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47



A B
0.6
0.03
0.4
2 2
g, g 0.02 Stem Source
[ ) Proxy Treatments
° ° | | Basketweaver1
Basketweaver2
0.2
0.01
0.0 0.00 —
0 2 4 6 25 50 75 100
Stem Diameter (mm) Stem Length (cm)

Figure 10. Treatment Effects on Hazelnut Basketry Stem Size Distributions Compared with
Basketweavers’ Harvests. Samples were gathered from 46 treated and 4 untreated shrubs
(n=604), and collected by Basketweaverl (n=396) and Basketweaver2 (n=73). Fire proxy
treatment and control stem size distributions did not differ significantly from the distributions
gathered by Basketweaverl (Wilcoxon Rank Sum; p = 0.5). However, the stem size distributions
from Basketweaver2 differed significantly from all treatments and Basketweaverl, but based on a
relatively small sample size (Wilcoxon Rank Sum; p <0.001). A) Stem diameter (mm) and B)
stem length (cm). Distributions shown as kernel density plots.

DISCUSSION

The application of three fire proxy treatments and a prescribed broadcast fire treatment
indicate that all treatments generated 4 — 10-fold increases in basketry quality hazelnut stems
when compared with the untreated hazelnut shrubs. Untreated (control) hazelnut shrubs contained
only 1.54 £0.60 basketry stems per shrub, and thus, are deemed marginal, or too limited in value
for California Indian basketweavers (Anderson 1999). Thus, broadcast fires or substitute
treatments are required to generate basketry quality stems.

Basketweavers prefer cultural burns to treat hazelnut shrubs for basketry because they
efficiently top-kill many hazelnut shrubs relatively rapidly, and thus, create improved gathering
rates for basketweavers. Cultural burns also may have positive effects upon additional ecocultural
species and may reduce understory fuels. Although our broadcast burn treatment was effective at
producing basketry stems, ~15% of broadcast burned hazelnut shrubs died, and thus reduced the
basketry stems expected from this treatment. While we did not assess pre-burn surface fuel loads
before ignition, the landowner had not previously conducted fire treatments in the broadcast burn

area, suggesting that surface fuel loads may have been relatively higher than in a historically, and
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thus, more frequently burned forest. Decades of fire exclusion increase surface fuel loadings that
generate increased fire intensities and shrub mortality during prescribed burns (Kauffman and
Martin 1990; Thaxton and Platt 2006). In the absence of broadcast burns, pile burning and
propane torch burning treatments also are effective methods to top-kill hazelnut shrubs. When
creating piles within hazelnut shrubs practitioners may avoid piles with high fuel loads and
inordinate fire residence time to prevent shrub mortality resulting from excessive direct heat
(Siefkin et al. 2002). Only ~7% of monitored shrubs died from our surface fuel piles when they
were composed of 1-hr, 10-hr, and surface litter fuels with height limited to <25 cm, but
establishing fuel load and fire residence time limits or guidelines through additional research
would be useful especially when expanding these applications over large areas.

In contrast to our cutting treatment that focused solely of hazelnut stems, mechanical
cutting is widely used by agencies and landowners to create shaded fuel breaks (65 — 400 m wide)
and is typically paired with the pile burning of cut woody debris (Agee et al. 2000; Rhoades and
Fornwalt 2015; Vaillant and Reinhardt 2017). When burned hazelnut shrubs are unavailable or
insufficient basketweavers will gather basketry stems opportunistically within these mechanically
created fuel breaks if suitable coppiced hazelnut shrubs occur. However, basketweavers report
reduced stem strength or pliability from mechanical treatments compared to burn treatments,
which is supported by lower wood-to-pith ratios in these stems (Rentz 2003). The lower stem
quality and reduced expected stem density from cut treatments considerably reduces
basketweavers’ preference for this treatment.

The four environmental variables we measured (e.g., slope, deer browse, canopy cover,
and aspect) appear to explain some of the variation observed in hazelnut basketry stems
production. Deer browse occurred on only five of the 105 hazelnut shrubs measured, and thus, in
this particular case deer browse was inconsequential. Yet, deer herbivory typically occurs at the
axil tip of new basal shoots. Subsequently, the hazelnut shrub typically produces two or more
lateral branches below where the apical bud and leaves were eaten, producing an unsuitable
basketry stem. Thus, if deer or other ungulate browsers are abundant (e.g., at sites further from
private residences), browse could become a major factor in the reduction of basketry stems.

Hazelnut shrubs in the ‘high’ canopy cover class produced 1.84-fold more basketry stems
than those in the ‘medium’ canopy cover class. These results support Karuk and Yurok
basketweavers’ experience and observations. Areas with relatively low canopy cover (i.e., 0 —
20%) and increased light conditions stimulate lateral branching within hazelnut basal resprouts,
reducing the potential density of basketry quality stems (Johnson and Marks 1997; Ortiz 1998;
Lake 2007). However, the shrubs within the ‘low’ canopy cover class produced highly variable
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basketry stems whose EMM was 1.55-fold greater than shrubs in the ‘medium’ canopy cover
class although the EMM did not differ significantly. Only four shrubs in the low canopy cover
class had 30% cover, and the remaining eight shrubs in that class were 50% cover, which reflects
limitations in both our sampling effort and truncated range of measured canopy cover (30% -
85%) within a 10 ha sampled area. Given that southern aspects in the northern hemisphere are
exposed to additional solar radiation than eastern aspects, shrubs with southern exposures (EMM
= 5.48) produced significantly fewer basketry stems than those in eastern aspects (EMM = 9.48,
Barbour et al., 1987: 341). Overall, additional sampling of shrub responses to treatments across
the full aspect range would improve these analyses and our understanding.

Plant branching and architectural responses to sunlight are exceptionally diverse and
show phenotypic plasticity (Valladares and Niinemets 2007). In unburned and non-coppiced
temperate deciduous understory trees and shrubs, lateral branching can be stimulated by increased
light conditions (Pickett and Kempf 1980; Canham 1988; Bonser and Aarssen 1994; Charles-
Dominique et al. 2012; Hamelin et al. 2015). California hazelnut appears to change its plant
architecture from a sympodial form in full sun to a monopodial form under forest canopies much
like the multi-stemmed shrub, Rhamnus cathartica (Charles-Dominique et al. 2012). However,
more detailed morphological measurements are required to confirm these hazelnut architecture
forms.

Aspect class also affected stem length and diameter in the GLMMs analyses. Stems
measured from eastern aspects were 1.38-fold longer and 1.35-fold wider compared with those in
southern aspects. These results align with basketweaver knowledge that shrubs with full sun
exposure produce shorter stems than those under canopy cover. Similarly, the Mediterranean
shrub Arbutus unedo has been shown to produce taller resprouts post-fire when growing in
northern and eastern aspects compared to southern and western aspects (Konstantinidis et al.
2006). However, our observed decrease in viable basketry stems in southern aspects and medium
canopy cover should not be misconstrued to suggest that burning should be limited under these
site conditions because shrubs under these conditions still produce at least a 5-fold increase in

basketry stems as untreated shrubs.
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Treatments did not have a detected effect on stem length. However, the cut treatment
produced 1.25-fold greater stem diameters than the pile burn treatment. Cut treatments may not
induce as much physiological stress or loss of stored energy as compared with burning
treatments, and thus, the shrub may have sufficient resources to produce more robust stems with
greater diameter. Several studies have found that high severity fires reduce shrub resprouting
vigor and biomass compared with low severity fires and cutting treatments (Lloret and Lopez-
Soria 1993; Keeley 2006; Clarke et al. 2013; Fernandez et al. 2013a), however other studies have
found that severity does not correlate with resprout vigor in other shrub species (Drewa et al.
2002; Keeley et al. 2008; Fernandez et al. 2013b).

Stem diameter and stem length distributions harvested from the treated and control shrubs
(n = 604), were similar to those harvested from a broadcast burn by Basketweaverl (rn = 396).
Thus, our fire proxy and broadcast burn treatments appeared to produce stem qualities that are
preferred by basketweavers. However, Basketweaver2 harvested a distinctive set of stems.
Admittedly, this stem sample from Basketweaver?2 is relatively limited (n = 73) when contrasted
with our treatments and Basketweaverl. Most importantly, basketweavers reported that some
basketry projects may require different sets of stem diameters and lengths. Therefore,
basketweavers’ aims must be considered when comparing hazelnut stem harvesting activities.

Our results demonstrate that expanding the area and frequency of targeted understory
fire-based forest treatments on private, public and Tribal lands in the Pacific Northwest and
California would generate greater availability and distribution of basketry hazelnut stems that are
currently limited in supply and in high demand (Ortiz 1993; Baldy 2013; Long and Lake 2018).
Small-scale (<10 ha) application of these fire proxy treatments appears quite feasible both for
private landholders or on public lands that would require minimal permitting as well as limited
labor and low material costs. The constraints associated with prescribed and cultural burns, such
as the limited burning season and increased liability concerns in close proximity to residences
within the Wildland Urban Interface, do not necessarily apply to these fire proxy treatments
because they can be conducted when prescribed burning conditions are risky or biophysically not
possible (e.g., either elevated or low dead surface fuel moisture). Due to these and other
constraints, the USDA Forest Service currently is able to implement understory mechanical fuel
reduction treatments across a greater area than broadcast burning to reduce fuels in California and
the Pacific Northwest (Vaillant and Reinhardt 2017). Yet, the three fire proxy practices examined
here appear to be highly compatible for integration into larger-scale USDA Forest Service, or
other fuel treatment programs (> 10 ha), and likely would require only minor adjustments to

current understory mechanical fuel reduction practices to meet these additional Tribal ecocultural
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objectives. For example, if the woody debris from these understory mechanical treatments are
pile burned, hazelnut burn piles (< 25 cm) or propane torching could be incorporated into this fuel
reduction activity, increasing hazelnut stem productivity. Further, hazelnut stems could be
included for removal in mechanical understory thinning treatments, if they were initially excluded
from the prescription. While Tribal members prefer broadcast burning for ecocultural resource
production, they recognize that mechanical understory treatments are necessary to address
decades of fire exclusion, and prepare sites for broadcast burning in the near future (USDA Forest
Service PSW Region 2018). If areas of high hazelnut shrub densities are either known or
identified in consultation with Tribes and basketweavers, and align with fuel reduction objectives,
the subsequent production of basketry stems from mechanical treatments would provide
additional benefits to the fuel reduction value of this treatment. Given that hazelnut is distributed
across 75% of the NWFP area, limited efforts are required to identify these suitable areas (Long
et al. 2018b).

Policies that support Tribal consultation within public land agencies offer effective
opportunities for increased and effective collaborations and communication in forest management
(Donoghue et al. 2010; Bussey et al. 2015; Dockry et al. 2017; Lake et al. 2017). Since this initial
experimental study was conducted, prescribed burning and fuel treatments have expanded
throughout northwest California, largely as a result of inter-governmental and community
partnerships that aim to manage public, Tribal, and private lands (Harling 2015; Yurok Tribe
2015; Long et al. 2018b; USDA Forest Service PSW Region 2018).

Throughout this study, we sought to incorporate Indigenous knowledge and participation
with ‘western’ scientific approaches to support these expanding collaborative efforts among
Tribal governments and public land agencies. Fire exclusion policies forced California Indian
communities and forest managers to curtail their routine cultural and prescribed burning
practices. Despite these policies, Karuk and Yurok basketweavers retained their knowledge,
maintained their practices and, most importantly, developed several innovative techniques to
replicate fire’s effects on hazelnut to produce essential basketry materials. To support their
efforts, we quantified their hazelnut fire treatment outcomes with the aim to inform managers of
their efficacy and material importance, to facilitate increased forest access, and to reduce
bureaucratic processes required for Tribal members who seek to employ these fire proxy
treatment methods and broadcast burns. Moreover, we encourage efforts to explore creative

applications that aim to incorporate these hazelnut fire proxy practices within government-led
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understory mechanical fuel thinning and large-pile burning treatments. Through such
collaborative processes, basketweavers and Tribes may be able to receive financial and logistical
support, and, most importantly, recognition and respect for their priorities and experience in

managing hazelnut as well as other critical ecocultural resources.
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CHAPTER 4

Burning for Baskets: Enhancing California hazelnut (Corylus cornuta var. californica)
densities and revitalizing Karuk and Yurok Indian culture in northwest California

ABSTRACT

The Karuk and Yurok Tribes in northwest California are revitalizing the practice of
cultural burning, or prescribed burns for ecocultural keystone species. These cultural burns are
critical for Indigenous livelihoods and culture, and were widespread preceding fire exclusion
policies. One of the objectives of these cultural burns is to enhance the production of California
hazelnut (Corylus cornuta var. californica) basketry stems for Karuk and Yurok basketweavers.
To evaluate cultural burning as a form of human ecosystem engineering we monitored hazelnut
basketry stem production, qualities, and shrub density in 48 (400 m?) plots within 21 cultural burn
sites and 12 adjacent unburned areas. A suite of socio-ecological variables were analyzed
including land tenure, burn frequency, burn season, canopy tree basal area (=10 cm dbh), and
aspect. We also observed basketry stem gathering to compare travel distances, gathering rates and
basketweaver preferences at sites with different fire histories and land tenure. Hazelnut shrubs
one growing season post-burn produced a 13-fold increase in basketry stems compared with
shrubs growing >3 seasons post-burn (p < 0.0001). Basketry stem production and stem length
displayed negative relationships with canopy tree basal area (p < 0.01) and ungulate browse (p <
0.0001). Plots that were burned at high frequency (=3 times between 1989 and 2019) had 1.86-
fold greater hazelnut shrubs than plots burned <3 times (p < 0.0001), and were all located in
Yurok territory where there is comparatively stronger Indigenous land tenure; 73% of observed
gathering trips were to sites burned at high frequency. Basketweavers travelled 3.8-fold greater
distances to reach gathering sites burned by wildfires compared with those that were culturally
burned (p < 0.01). At cultural burn sites, wildfire sites, and fire excluded sites mean gathering
rates were 4.9, 1.6, and 0.5 stems/minute/individual, respectively. Karuk and Yurok cultural fire
regimes with high burn frequencies promote high densities of ecocultural keystone species, and
increase hazelnut basketry stem production, increasing gathering efficiency and lowering costs to
support the revitalization of a vital cultural practice. Our findings are evidence of positive human
ecosystem engineering, and show that increasing Tribal sovereignty over fire management will

produce many socio-ecological benefits.
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BACKGROUND

Across many different ecosystems, Indigenous burning has been shown to impart positive
effects on human and ungulate foraging returns, habitat diversity, and species abundance, as well
as the mitigation of wildfire spread by reducing fuel loads, fire intensities and resulting severities
(Gottesfeld 1994; Kepe 2005; Sheuyange et al. 2005; Bilbao et al. 2010; Bliege Bird et al. 2012;
Fowler 2012; Sletto and Rodriguez 2013; Welch et al. 2013; Coughlan 2014; Codding et al. 2014;
Seijo et al. 2015; Trauernicht et al. 2016). Given the substantial shifts in ecosystem functioning
generated by Indigenous burning practices, some have suggested it to be a critical ecosystem
engineering process that, in the process of modifying the human niche, supports a unique set of
plant and animal species adapted to the pyrodiversity typical of an anthropogenic fire regime
(Jones et al. 1994; Bliege Bird et al. 2013; Odling-Smee et al. 2013). Globally, profound changes
to Indigenous burning practices following land evictions, colonialism, and fire exclusion laws
may have resulted in increased vulnerability to climate change, alternative ecological states and
species population crashes (Huntsinger and McCaffrey 1995; Guyette et al. 2002; Bliege Bird et
al. 2008; Walters 2015; Liebmann et al. 2016; Taylor et al. 2016; Mistry et al. 2019).

In California, fire is a critical biophysical process (Sugihara et al. 2018), and
anthropogenic fires set by California Indians had profound effects on fire regimes preceding
colonialism (Skinner et al. 2009; Crawford et al. 2015; Klimaszewski-Patterson and Mensing
2016; Taylor et al. 2016). Preceding colonization by the Spanish in 18" century and 19™ century
American gold rush, these anthropogenic fires were integral to the culture and economy of
California Indians through the way they enhanced subsistence and ceremonial resources
(Lightfoot and Parrish 2009; Anderson 2018). 20" century fire exclusion policies to protect
timber commodities and structures drastically reduced the relative spread of fire (Stephens et al.
2007; Stephens and Sugihara 2018), dispossessed Indians of their land, and suppressed
Indigenous burning and culture (Huntsinger and McCaffrey 1995; Lightfoot and Parrish 2009;
Aldern and Goode 2014; Lake et al. 2017; Norgaard 2019).
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Federal fire exclusion policies began to shift in 1968 to allow prescribed fire and the
managed spread of wildfire on National Park lands, and similar policy shifts were made across all
federal land management agencies in the 1990s; however, fire suppression is still dominant across
California (Stephens and Sugihara 2018). The inclusion of managed wildfire has increased fire
frequencies in some areas, like the Illouette watershed in Yosemite National Park (Boisramé et al.
2017). Yet, in the majority of California’s wildlands, the re-introduction of fire is hindered by
insufficient resources, environmental regulations, risk aversion, and liability concerns (Quinn-
Davidson and Varner 2012; Schultz et al. 2018; Miller et al. 2020).

In northwestern California, Indian Tribes such as the Karuk, Yurok, Hoopa, and Tolowa
are leading efforts to re-introduce prescribed burning by forming partnerships with public land
and fire agencies as well as non-governmental organizations (Underwood et al. 2003; Levy 2005;
Salberg 2005; Long and Lake 2018). Amongst these Tribes, prescribed fires are widely accepted
and known colloquially as ‘cultural fires’ or ‘cultural burning’. By living in a fire-prone region
for millennia, these Tribes developed a reliance on many fire-enhanced species, developed
cultural fire regimes, and became fire-dependent cultures (Lightfoot and Parrish 2009; Anderson
2018; Lake and Christianson 2019). The objectives of these fires are to enhance the abundance
and quality of species used for material culture, subsistence foods, and ceremony as well as to
reduce understory brush and fuels for reducing fire hazards and to facilitate travel across the
landscape (Hunter 1988; Levy 2005; Lake 2013; Aldern and Goode 2014). As Roos et al. (2016)
propose, this region has a key characteristic associated with fire-adaptive communities (i.e.,
communities with capacity to respond to fire-related challenges), which is the “broad recognition
by individuals of the benefits of fire-promoted resources and amenities relative to the tradeoffs”.
Thus, cultural fires are emergent properties and practices of fire-dependent cultures that present
an exceptional opportunity to evaluate the socio-ecological processes that increase adaptive
capacity to fire, and as examples to society for ‘learning to live with fire’.

As North American fire management agencies shift to increase the frequency and scale of
prescribed and managed wild fire (North et al. 2012; Ingalsbee 2017), and American Indian
Tribes achieve greater influence over fire and land management (Lake et al. 2017; Long and Lake
2018), there will be more opportunities to assess fire effects on ‘ecocultural species,” or those
species with ecological, spiritual, economic, and cultural values for American Indians (Garibaldi
and Turner 2004; Long et al. 2018b). Ecocultural fire-enhanced species continue to be used by
American Indians and other communities for basketry materials, foods, and medicines (Ortiz
1993; Anderson 1999; Shebitz 2005; Shebitz and Kimmerer 2005; Griffith et al. 2007;
Mathewson 2007; Turner et al. 2011; United States Fish and Wildlife Service 2011; Dobkins et
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al. 2016; Wynecoop et al. 2019; Sowerwine et al. 2019). Hence, incorporating Indigenous
ecocultural objectives into prescribed burning will support cultural and socio-economic
revitalization while achieving broader restoration and wildfire hazard reduction goals (Lightfoot
and Parrish 2009; Lake et al. 2017; Anderson 2018; Lake and Christianson 2019).

In recent decades one of the major objectives for conducting cultural burns in Karuk and
Yurok ancestral territories (Fig. 11) has been to enhance the production of basketry materials for
Indigenous basketweavers (Hunter 1988; Senos et al. 2006). California Indians use baskets in all
aspects of their culture, such as: child-rearing; food harvesting, processing, and storage; fishing
and animal traps; clothing/regalia; and ceremonies (Johnson and Marks 1997; Bibby 2004;
Shanks 2006; Mathewson 2007). Furthermore, there is a long history of California Indians selling
baskets to friends, acquaintances, and non-native collectors to supplement their income (Cohodas
1997; Smith 2016). But baskets are more than just functional, or a commodity to be sold at craft
fairs or placed in a museum, they embody spiritual connections to the ancestors and ancestral
beings as told in Karuk and Yurok stories (Kroeber 1978; Kroeber and Gifford 1980; Lang 1994;
Smith 2016). Northwest California Indian culture and spirituality is deeply tied to the land and the
ancestors, and basketweaving is one of many manifestations of these social and ecological
relationships within this fire-dependent culture. The use of baby cradles, for example, is critical to
Karuk and Yurok child-rearing and teaching traditions that, according to Karuk leader, Leaf
Hillman, fosters a child’s ecological observations and a perspective that “human beings [have] a
unique potential for affecting the [ecological] system — positively as well as negatively” (Hillman
and Salter 1997: 24). The positive ecological effects of cultural burning, as a spiritual
responsibility, are reinforced as Karuk and Yurok children’s lives become inter-connected with

fire-enhanced ecocultural species.
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Baskets are also considered to be prayers that offer a conduit to spiritual beings during
ceremony (Lang 1991; Buckley 2002; Baldy 2018). They also offer opportunities for basket-
makers to communicate in a material, symbolic fashion, creating social relationships with those
who observe or use the baskets. The phenomenal skill displayed through basketry represents a
dedication and connection to the woven plants and animals incorporated into baskets, as well as
to Indigenous spirituality. As such, the weavers of baskets and other regalia are bestowed with
prestige and respect that undoubtedly benefits their social standing (Lang 1991; Johnson and
Marks 1997; Bliege Bird and Smith 2005; Field 2008). The revitalization of basket-making is
driven in part by conscious decisions to actively restore the traditions of their ancestors, despite a
century of assimilationist policies that outlawed ceremony, cultural burning, and livelihoods
(Nelson 1978; Norton 1979; Huntsinger and McCaffrey 1995). As Karuk author Julian Lang
suggests, ceremonies have returned because of Tribal members’ determination to “participate in
communal displays of regalia” that connect them with “the Spirit Beings” (Field 2008: 92).

One of the most highly valued and coveted species for basketweaving are the young
stems of California hazelnut (Corylus cornuta var. californica; Ortiz, 1998, 1993; Smith, 2016), a
multi-stemmed, deciduous shrub which is an excellent example of an ecocultural keystone
species (Garibaldi and Turner 2004; Armstrong et al. 2018). Hazelnut stems continue to be
particularly important in weaving baby baskets (cradles), which are composed of ~300 hazelnut
stems and currently are sold for ~§800. As Maggie Peters, a Yurok basketweaver told me, “These
baskets are in high demand by northwest California Indian families who want their children to
begin their lives in a cultural way” (M. Peters, pers. com., 2018).

Cultural burns manipulate the post-fire response of California hazelnut, stimulating it to
re-sprout from underground buds (Fryer 2007; Clarke et al. 2013), and produce straight shoots
whose stems are suitable for use in basketweaving. Historically, burning would occur
predominantly in the summer and fall months, and sometimes in the spring (Lake 2007). Hazelnut
stem regrowth would be harvested in the following spring (April/May) after one full growing
season (spring burn 10-12 months, fall burn 18 — 21 months post-burn; Lake, 2007; O’Neale,
1932; Thompson, 1991). However, fire exclusion has created a scarcity of basketry stems for
basketweavers (Heffner 1984; Ortiz 1993; Smith 2016).

In the context of assimilation and land dispossession policies, it was difficult for
basketweavers to access materials, and as a result the practice of basketweaving suffered (Heffner
1984; Peters and Ortiz 2010; Smith 2016). Consequently, the connection with ecocultural species
and the land was also compromised (Willette et al. 2016; Norgaard 2019). In 2016, one

basketweaving class in Weitchpec had insufficient stems for teaching, and teachers had to
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purchase materials at a crafts store (T. Marks-Block, pers. obs., 2016) In the absence of sufficient
cultural burning or wildfires, basketweavers sometimes substitute stems from the less preferred
sandbar willow (Salix exigua). These stems are less pliable and strong, and also are increasingly
rare due to fewer river floods that initiate straight basal resprouting (O’Neale 1932; Lake 2007).

Under fire exclusion policies that made cultural burns illegal, some basketweavers
developed alternative techniques to stimulate the growth of hazelnut basketry stems, such as
cutting (coppicing), propane torch burning, and pile burning (Heffner 1984; Hunter 1988; Ortiz
1998; Marks-Block et al. 2019). Other basketweavers have been able to maintain burning for
basketry materials in small areas throughout the fire exclusion era (Bower 1978; Heffner 1984;
Hunter 1988; Ortiz 1998). With the expansion of cultural burning in the region, the opportunity
arose to evaluate broadcast burning across a more extensive geography; in areas that had
maintained relatively short burning intervals in recent decades (i.e., every 3 — 10 years), and at
sites that only recently had been burned after years of exclusion. These differences in burn
frequency allowed me to compare the effect of repeated cultural burning on hazelnut basketry
stem production and shrub density.

Institutional support for cultural burning in northwest California initiated in 2013 through
the prescribed fire TRaining EXchanges (TREX), and in 2014 the Six Rivers National Forest
began the Roots and Shoots project on the Lower Trinity/Orleans/Ukonom Ranger Districts.
TREX is a program under the ‘Promoting Ecosystem Resilience and Fire Adapted Communities
Together’ agreement between the USDA Forest Service and The Nature Conservancy, that
invests in cooperative and collaborative burning across the United States (Butler and Goldstein
2010; Harling 2015; Spencer et al. 2015). In Karuk and Yurok territory, TREX provides financial
and logistical support to develop burn plans, process permits, and mobilize fire personnel and
equipment for burning, as well as support inter-governmental, inter-agency, and civil society
partnerships. The Roots and Shoots project is a Six Rivers National Forest effort developed by the
USDA Forest service and basketweavers to burn 176 acres within 25 forest areas containing
ecocultural resources identified by Tribal members (Colegrove 2014). Formerly, circa 2004-2007,
cultural burns requested by and lead by Karuk/Yurok basketweavers conducted on private
property, with assistance from the Orleans-Somes Bar Fire Safe Council also provided
opportunities for access to and harvesting of hazelnut shoots (McLaughlin and Glaze 2008;
Marks-Block et al. 2019). Among other factors, these initiatives specifically targeted sites with
hazelnut to increase basketry stem production.

These initiatives have allowed us to evaluate the effects of cultural fires on hazelnut

basketry production. Our first question is whether burning is a form of ecosystem engineering
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that has positive feedbacks on ecological and cultural processes. If so, we should see that cultural
burning increases basketry stem productivity, hazelnut shrub density, or reduces the cost (in
search, collecting and travel time) of harvesting suitable stems. Basketweaver ecological
knowledge and previous experimental studies (O’Neale 1932; Ortiz 1998; Anderson 1999; Lake
2007; Marks-Block et al. 2019) led us to predict that basketry stem production and quality are
primarily affected by time since fire and shrub size (i.e., stem densities), and that burn
characteristics (e.g., season, severity, and frequency) and site characteristics (e.g., canopy
closure/solar access, aspect, forest stand structure, and deer browse) are other important factors.

Secondly, we ask whether the presence of cultural burning has an effect on species
assemblages, such that in the absence of such perturbation, plant communities have shifted to an
alternative stable state (Beisner et al. 2003). We hypothesize that repeated, short interval cultural
burning acts as a beneficial, culturally desired perturbation in hazelnut groves, and that cultural
burning maintains high densities of shrubs and other forest stand characteristics (e.g., relatively
low canopy basal area). Following this, if burning is inconsistent or absent, then hazelnut
densities will be relatively lower and produce fewer basketry stems post-burn.

We also ask how fire and resource governance in pre-colonial and contemporary contexts
effects cultural fire geography, basketry stem availability, and gathering practices. We examine
how centralization in governance structures (Larson and Soto 2008) as well as differences in land
tenure (Huntsinger and Diekmann 2010; Norgaard 2014) affect fire-enhanced resource use in
Karuk and Yurok territory. We make these comparisons based upon the gathering rates of
hazelnut basketry stems within different fire regimes and land tenure circumstances. Foraging
theory and human behavioral ecology suggest that resource acquisition decisions are informed by
micro-economic costs and tradeoffs (Stephens and Krebs 1986; Winterhalder and Smith 2000).
As such, we predicted that harvest site selection would be mediated by cultural fire history,
hazelnut shrub densities, site productivity, and travel distance to sites, and that differences in

Karuk and Yurok land tenure and resource access would influence these variables.
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Figure 11. (A) Study Region with Federal Jurisdictional Boundaries and Karuk and Yurok
Territories. Ancestral territory boundaries, provided by the Karuk and Yurok Tribes, represent
reconstructions, but currently are not fixed or rigid boundaries. Ancestral lands of other
Northwest California Tribes (e.g., Tolowa, Wiyot, Hupa, Shasta) are not included here, but note
that their ancestral lands may partially overlap with the boundaries rendered here (Baumhoff,
1963). (B) Western Region of the United States of America, including California hazelnut
(Corylus cornuta var. californica) distribution derived from the Atlas of US Trees (Little Jr,
1971). The study region is depicted by the red box.

METHODS

Study area

The study area consists of burned and adjacent unburned areas within the
1919 km? ancestral territory of the Yurok Tribe and the 2728 km? ancestral lands of the Karuk
Tribe (Fig. 11A; Waterman, 1920, Baumhoff, 1963). In the late Holocene, and preceding
colonialism, Karuk and Yurok people relied on acorns, deer, and salmon as primary foods

(Tushingham 2009; Norgaard 2019). Settlements historically were concentrated along the
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Klamath River and the Pacific coast (Waterman 1920; Kroeber 1936; Bright 1957), and hunting
and gathering grounds for critical ecocultural resources were owned and tended by families or
individuals (Waterman 1920; Bettinger 2015). Today, the Yurok and Karuk Tribes comprise
~6,000 to ~7,000 members, and are two of the most populous of 109 Tribes currently federally
recognized in California (United States Census Bureau 2010b). In Karuk territory, the federal
government did not establish a reservation, leaving merely 3.83 km?* of Karuk trust lands in their
ancestral territory, with the remainder largely under the jurisdiction of the USDA Forest Service
(Klamath and Six Rivers National Forests) and scattered private homesteads (Fig. 11A; Davies
and Frank, 1992, Norgaard, 2014, US Census Bureau, 2017). As a result, Karuk Tribal members
and management agencies must navigate USDA Forest Service claims on their ancestral territory
and have limited options to expand their land base through the acquisition of private land
holdings.

In Yurok territory, multiple overlapping jurisdictions occur including Redwood National
Park (192 km? Underwood et al., 2003) and Six Rivers National Forest (577 km?) outside of the
reservation established by the federal government. The reservation is located along a mile-long
buffer following the Klamath River from its estuary to ~80 km upriver near the confluence of the
Klamath-Trinity Rivers (~225 km?; Huntsinger and Diekmann, 2010). However, 106 km? (47%)
of the reservation is under private timber company ownership (Yurok GIS Program, 2015).
Consequently, the Yurok Tribe must either coordinate or interact with multiple actors within their
ancestral territory, but they presently have greater options for acquiring private properties than the
Karuk Tribe (Manning and Reed 2019).

The Hoopa Valley reservation was formed within the ancestral territory of the Hupa,
Yurok, and Karuk Tribes (Figure 11A) by the federal government in 1874 (Nelson 1978).
Although I did not formally collaborate with the Hoopa Valley Tribe that governs the reservation,
I formed relationships with and observed many Hupa Tribal members who live or spend time in
Karuk and Yurok territories, and Karuk and Yurok Tribal members who live in Hoopa Valley.
Tribal members throughout this region are extensively intermarried, and have been from time

immemorial (Waterman 1920; Gould 1966; Thompson 1991).
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At least five formal basketweaving classes occur weekly in ancestral Hupa, Karuk, and
Yurok territories, and informal intergenerational teaching is active within many families. The
Cultural Fire Management Council (CFMC) organizes cultural burns in Yurok territory, and all
members are either basketweavers, or have basketweavers in their families. When deciding and
planning burn locations with limited resources, the presence of hazelnut groves increases the
ranking of a potential CFMC burn site. The Hoopa Valley Fire Department also conducts burns
for hazelnut stems (Salberg 2005), and the Karuk Tribe works with the Forest Service, the
Orleans/Somes Bar Fire Safe Council and private landowners to burn hazelnut groves (Senos et

al. 2006; Long and Lake 2018).

Hazelnut basketry stem measurements

From January 2015 to March 2019, I established and monitored 48 plots (400 m?) in
relatively high-density hazelnut groves (=10 shrubs) within 21 cultural and prescribed burn sites
and 12 adjacent unburned areas. Due to the unpredictability of cultural burns, plots were
established when I learned of potential burn locations, or after an area was burned. Plots were >2
m from roads and fire control lines and were established after identifying easily accessible
hazelnut groves from burn area perimeters or game trails. Multiple plots (2 — 5) were placed
within burn areas that contained numerous hazelnut groves to evaluate the effects of
environmental heterogeneity on basketry stem productivity within those locations.

Within each plot, I recorded hazelnut shrub density and then ten hazelnut shrubs were
randomly selected and tagged. Due to the vegetative, multi-stemmed growth of hazelnut shrubs,
individual shrubs selected were >15cm apart. Based upon interviews and observations with
basketweavers, suitable quality basketry stems were defined as straight and unbranched stems
>10 cm in length. Both total stems and basketry quality stems were measured in the dormant
season (October — April). Stems that had been visibly cut and gathered by a basketweaver were
counted as a basketry stem. Pre-burn total stems were counted either from previous surveys of the
shrub, or from standing dead stems (Keeley 2006). I also recorded growing seasons since the
shrubs were burned, and grouped shrub measurements into three temporal classes based on a May
— September growing season each year: a) one growing season post-burn (5 — 20 months, n =
302); b) two growing seasons post-burn (21 — 30 months, n = 144); and, c) >3 growing seasons
post-burn (>31 months, » = 507). Given that basketweavers prefer to gather in areas burned after
only a single growing season, typically in April-May (10 — 20 months post-burn), additional data

from shrubs within this single post-burn temporal class were recorded. These data included the
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proportion of stems browsed by deer, elk, and other ungulates for each shrub. Because
basketweavers select basketry stems based both on their diameters and lengths, the length of the
longest basketry stem was recorded in each shrub as well as the largest and smallest basketry
stem diameters that were then averaged.

At all plots, site aspect was measured with a compass and classed as: east (67.5° -
112.5°); southeast (112.5° - 157.5°); south (157.5° - 202.5°); southwest (202.5° — 247.5°); and,
west (247.5° - 292.5°). Slope and elevation were measured using a Garmin etrex 30 GPS. Canopy
closure measurements were taken facing inward at the four corners of each plot using a spherical
densiometer, and then averaged (Lemmon 1956; Fiala et al. 2006). Basal area of each plot was
determined by measuring all trees >10 cm dbh with the dominant overstory tree species
designated by proportional basal area: Quercus kellioggi [Black oak], Arbutus menziesii [Pacific
madrone], Umbellaria californica [Bay laurel] Pseudotsuga menziesii [Douglas-fir], and Pinus
ponderosa [Ponderosa pine], and subsequently classified as conifer or broad-leaf hardwood. Burn
char height on trees (>10 dbh) was recorded to the nearest 0.5 m, along with the burn season
grouped by winter (Day 355 + 1) and summer (Day 172 + 1) solstices, and fall (Day 266 + 1) and
spring (Day 79 + 1) equinoxes of the burn year. Burn frequency (1989 — 2019) within each plot
was ascertained through conversations with landowners, fire managers, and by examining the
California Department of Forestry and Fire Protection’s prescribed fire GIS database

(https:/frap.fire.ca.gov/mapping/gis-data/). The frequency was converted into a dichotomous

variable: <3 burns or >3 burns. Precipitation (cm) was recorded and compiled for a 12-month
period beginning in August of the year preceding the survey from either the closest Remote
Automated Weather Station (RAWS) to the plot (Yurok, CA; Slate Creek, CA; Somes Bar, CA;
Dutch-Indy, CA, Slater Butte, CA, https://raws.dri.edu/ncaF.html), or a privately owned weather

station in Forks of Salmon, CA.

Hazelnut stem gathering observations and models

From 2015-2019, I developed working collaborative relationships with basketweavers
and hazelnut stem gatherers by attending cultural fire planning meetings (n = 13), basketweaving
classes (n = 15), and by discussing our research interests at Karuk and Yurok Tribe governmental
meetings. Through these collaborative exchanges, I conducted in-depth semi-structured
interviews (30-60 minutes), attended hazelnut stem gathering trips, and requested and collected
gathering diaries from basketweavers to evaluate where and why basketweavers select hazelnut
stem gathering areas. I collected six gathering diaries from three basketweavers, and conducted

13 in-depth semi-structured interviews (30 — 60 minutes per interview) with Karuk and Yurok
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resource users and spoke with seven fire managers about fire-enhanced resource use and cultural
burning that included questions on hazelnut burning, hazelnut stem and nut gathering,
basketweaving, and the type of property ownership at burn sites. Interviewees were identified and
recommended by Karuk staff in the Department of Natural Resources and Yurok leaders on the
Tribe’s culture committee. The Karuk and Yurok Tribal councils and the Stanford University IRB
approved these methods, and individuals provided consent to record gathering practices and
statements surrounding hazelnut stem gathering.

During hazelnut stem gathering season (April/May 2015 — April/May 2019), I attended
seventeen hazelnut stem gathering trips, wherein I observed individuals gathering hazelnut stems
and asked them semi-structured and open-ended questions regarding basketry stem quality,
basketweaver gathering site and stem preferences, and the availability and accessibility of
hazelnut basketry stems. During these trips, the sum of an individual’s harvested stems and their
time spent in a hazelnut grove were recorded to produce gathering rates (n = 55). Distances to
hazelnut stem gathering areas were recorded from these trips and from basketweaver reports, and
were converted to a standard 80 km/hour rate, chosen conservatively due to curvy mountainous
roads with a speed limit of 55 mph (88 km/hour). Alongside these distances, the gathering site’s
fire history was also recorded and then classified as a cultural fire site (n = 41), wildfire site (n =
11), or a fire excluded site (z = 1). I also recorded the ownership (USDA Forest Service, Private,
Tribe) and ancestral territory (Karuk, Yurok, Hupa) of the gathering site, and categorized the site
quality as relatively ‘good’ or ‘poor’ based on basketweaver post-harvest evaluations. From these
data, I generated simulations of hazelnut stem foraging that included searching and gathering
rates within cultural fire sites, wildfire sites, and unburned sites. We modeled foraging gains as
logistic functions using the growthcurver package in R (Sprouffske and Wagner 2016) based
upon assumptions of the marginal value theorem and foraging theory (Charnov 1976; Stephens

and Krebs 1986).

Data analyses

To compare the characteristics of gathering sites across fire type (wild, cultural), territory
(Karuk, Yurok, Hupa), ownership (private, Tribe, USDA Forest Service), and site quality (good,
poor), I employed Chi-square tests of independence. Travel distances to hazelnut gathering sites
within cultural burn, wildfire, and unburned locations were compared using a Wilcoxon rank sum
test. Qualitative evaluations of basketry stems, hazel nut productivity, gathering, and burn
efficacy were assessed to identify themes using an inductive analysis of field notes and interview

transcriptions.
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To evaluate the effects of growing seasons post-burn on hazelnut basketry stem
production, I employed a negative-binomial generalized linear mixed model (GLMM) using the
glmmTMB package in R (R Core Team 2014; Magnusson et al. 2017) and used Type 111 Wald
Chi Square tests using the car package (Fox and Weisberg 2018) to perform backward model
selection. Growing season post-burn (class), aspect (class), elevation, sample year, basal area
(>10 cm dbh), precipitation, dominant tree (class), and slope were modeled as co-variate direct
effects, and the plot was set as a random effect.

Additional variables that only applied to plots surveyed one growing season post-burn
were analyzed by developing another negative-binomial GLMM, performing the same backward
model selection process. The initial model set the plot as a random effect and included the
following co-variate direct effects: proportion of ungulate browse, burn char height, burn season
(winter, spring, summer, and fall), pre-burn total stems, precipitation, canopy cover, basal area
(>10 cm dbh), elevation, aspect (east, south, southwest, and west), dominant tree, sample year,
and slope.

To examine average stem diameter and length of basketry stems within shrubs surveyed
after one growing season since burn, we selected gamma distributed GLMMs, as length and
diameter distributions were skewed toward smaller sizes. Potential explanatory variables that
were treated as direct effects in the initial stem diameter model were: basal area (>10 cm dbh),
plot canopy closure, annual precipitation, aspect, slope, dominant tree species (>10 cm dbh), and
burn season (e.g., fall, winter, spring, summer). The same explanatory variables were included in
the initial stem length model, with the addition of ungulate browse proportions. As with other
GLMMs, the plot was set as a random effect, and Type III Wald Chi Square tests were used to
perform backward model selection.

To assess the density of hazelnut shrubs within plots (» = 46), we applied a multi-variate
gamma generalized linear model using Type II Wald Chi Square tests to perform backward model
selection. Burn frequency (either <3 burns or >3 burns from 1989 to 2019), basal area (>10 cm
dbh), canopy closure, dominant tree species (>10 cm dbh), elevation, aspect, and slope were all
evaluated as potential explanatory variables. Additional Wilcoxon rank sum and chi-square tests
were employed to evaluate additional relationships between explanatory variables and hazelnut
shrub density.

Model diagnostics were analyzed using the DHARMa package in R (Hartig 2019). To
analyze the differences within categorical predictor variables that showed significance in the
GLMMs, Estimated Marginal Means (hereafter Marginal X) were generated and then 95%

confidence intervals were compared using the Tukey method using the emmeans package (Lenth
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2018). Marginal X values for categorical values are averaged over the values of other significant
model co-variates, which helps account for significant imbalances in sampling effort. The sjPlot
package (Liidecke 2019) was used to analyze and visualize the effects of significant continuous

predictor variables in the GLMMs.

RESULTS

Hazelnut basketry stem productivity

Growing season post-burn generated significantly distinctive marginal means amongst
the three temporal classes, averaged over the values of sampled years (p < 0.0001, Fig. 12).
Hazelnut shrubs growing only a single season post-burn produced a 13-fold increase in basketry
stems (Marginal X = 10.776, ox = 0.87) than shrubs with three or more growing seasons post-burn
(Marginal X = 0.801, ox = 0.08), and 6-fold greater stems than shrubs two growing seasons post-
burn (Marginal X = 1.807, ox = 0.25). Along with these temporal differences, canopy tree basal
area and burn season emerged as significant co-variates. Basketry stem production displayed a
negative relationship with canopy tree basal area (>10 cm dbh, p <0.01, Fig. 13) while sample
years exhibited significant differences in basketry stems due to imbalances in yearly burning (p <
0.001).

Within shrubs growing only one season post-burn, pre-burn total stems had a strong
positive relationship on basketry stem production (p <0.0001, Fig. 14), whereas ungulate browse
had a strong negative relationship with basketry stem production (p < 0.0001, Fig. 15). Burn
season (p < 0.01) and aspect class (p < 0.05) also emerged as significant co-variates in the single
season post-burn model of best fit. Shrubs burned in the winter (Marginal x = 15.54, ox = 1.73)
produced 1.67-fold greater basketry stems than shrubs burned in the spring (Marginal X = 9.32, ox
=1.05, p <0.01), and 1.43-fold greater basketry stems than shrubs burned in the fall (Marginal X
=10.89, 05 =0.92, p <0.05). No other seasonal comparisons exhibited significant differences.
Shrubs located in southern aspects produced a 1.7-fold increase in basketry stems (Marginal X =
13.62, ox = 0.99) than those found in eastern aspects (Marginal X = 8.01, ox = 1.23, p <0.05).
However, marginal means amongst shrubs in other aspects did not differ significantly. Burn char
height (range = 0 — 9 m), dominant canopy tree, canopy closure, precipitation, elevation, and

slope were insignificant predictors of basketry stem production.
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Figure 12. Hazelnut Basketry Stem Production and 95% CI with Growing Seasons Post-
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Figure 13. Proportion of Hazelnut Shrub Browsed with Predicted Basketry
Stem Production Values (95% CI grey) from 1-year Post-burn Temporal Class.
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Figure 14. Hazelnut Shrub Size (pre-treatment total stems) with Predicted Post-treatment
Basketry Stem Production Values (95% CI grey) from 1 Year Post-burn Temporal Class.
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Hazelnut shrub density

Hazelnut shrub density within plots was most strongly correlated to burn frequency,
aspect, and elevation. Plots that were burned > 3 times from 1989 - 2019 had 1.86-fold greater
hazelnut shrubs (Marginal X = 71.0, ox = 9.53) than plots burned < 3 times (Marginal X = 38.1, ox
=4.02, p <0.0001, Fig. 16). Plots within eastern aspects had 2.2-fold higher density of hazelnut
shrubs (Marginal X = 93.5, ox = 18.33) than those growing in southern (Marginal X = 43.5, ox =
3.99) and southwestern aspects (Marginal X = 42.5, ox = 4.86, p <0.001). Shrubs growing in
western aspects grew at similar densities to eastern aspects (Marginal X = 69.9, ox=11.01, p =
0.66), but did not exhibit densities that were strongly different from southern (p = 0.056) or
southwestern (p = 0.071) aspects. Shrub densities decreased as elevations increased (range = 170
— 934 m as.l, p <0.05). Although territory was not a significant co-variate in the multi-variate
gamma GLMM, shrub densities in Yurok territory were 2.19-fold greater than shrub densities in
Karuk territory, and a Wilcoxon rank sum test found the difference was significant (p <0.001,
Fig. 16). Additionally, basal area was insignificant in the gamma GLMM, but displayed a

negative relationship with shrub density in univariate analysis (p < 0.05).
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Figure 16. Hazelnut Shrub Densities with Burn Frequencies (<3 and 23) from 1989-
2019. Marginal Means with 95% CI (p < 0.0001) and plotted data points colored according
to location within Karuk or Yurok ancestral territory (Figure 11A).
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Basketry stem length and diameter

Burn season (p < 0.01) and basal area (p < 0.0001) were significant co-variates affecting
basketry stem diameters (Fig. 17). As canopy tree basal area (> 10 cm dbh) in plots increased, it
had an inverse effect on stem diameter. Burning in the summer produced larger stem diameters
(Marginal X = 4.54 mm, ox = 0.32) compared with spring (Marginal X = 3.08 mm, ox=0.25, p =
0.003) and winter (Marginal X = 3.64 mm, ox = 0.25, p = 0.037). Basketry stem lengths were
significantly affected by basal area, percent ungulate browse, dominant overstory tree, and burn
season. Canopy basal area (p < 0.001, Fig. 18) and percent ungulate browse (p < 0.0001) were
both negatively correlated with stem length. Burning in the spring produced significantly shorter
stems (Marginal X = 0.524 m, ox = 0.057) compared with all other seasons (all = p < 0.05). Stems
growing beneath canopies dominated by broadleaf hardwoods were significantly longer
(Marginal X = 0.83 m, ox = 0.062) than stems growing beneath coniferous canopies (Marginal X =

0.65 m, ox =0.051, p =0.035, Fig. 18).
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Figure 17. Canopy Tree Basal Area (>10 cm dbh) with Predicted Basketry Stem
Diameters (95% CI) and Burn Season (summer, fall, winter, and spring). Shrubs
burned in the summer (Day 172 + 1 to Day 266 + 1) produced significantly larger stem
diameters than those burned in the spring (Day 79 + 1 to Day 172 + 1; p < 0.01) and
winter (Day 355 + 1 to Day 79 + 1; p <0.05). Stem diameters exhibit a negative
relationship with canopy basal area (p < 0.0001).
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Figure 18. Canopy tree basal area and dominant canopy tree (>10 cm dbh) with
predicted hazelnut basketry stem length (95% CI). Hazelnut basketry stems growing
under hardwood canopies were significantly longer than stems growing under coniferous
canopies (p < 0.05). Stem lengths exhibited a strong negative relationship with canopy
basal area (p < 0.001).

Hazelnut basketry stem gathering

Gathering hazelnut stems is an intergenerational activity that brings together friends and
relatives, and basketweaving teachers and their students (Fig. 19). From 2015 to 2019, 90 distinct
individuals were observed gathering hazelnut stems. Observed hazelnut basketry stem harvesters
were 75% women, and, on average, gathered in groups of 3 (n = 31: range = 1 — 8 individuals).
The majority (57%) of gathering groups were intergenerational, with a mix of elders (>60 years),
middle-aged gatherers (25 — 60 years), and youth (<25 years, n = 30), and 66% of groups were
composed of basketweaver mentors and their students (including familial mentorships). Of all
recorded trips, 63% were conducted with family members, 21% were with friends, and 17% were
solitary (n = 72). When particular burn sites generated exceptional quantities of basketry stems,
basketweavers invited family and friends across the inter-tribal basketweaving community to
come and harvest. Hence, an individual’s social network appeared to mediate resource access.
Otherwise, individuals respect Tribal territory and familial ownership when selecting gathering
sites. Gathering trips to ‘good’ sites were much more frequent (87% of all trips) than to “poor’

sites (13%, n = 89). Of the 12 trips to “poor’ sites, five of the trips were to gather at sites two
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growing seasons post-burn, and one trip was to a fire excluded site (unburned for >30 years). The
majority of trips (73%) were to sites that were burned >3 times between 1989 and 2019. Stem
harvesters were more likely to evaluate gathering sites on USDA Forest Service owned sites as
‘poor’ compared with other ownerships (p < 0.001). Of all cultural burn sites (n = 4) on USDA
Forest Service sites, 75% were evaluated as ‘poor’ due to heavy browse by ungulates, whereas
wildfire sites on Forest Service land were all evaluated as ‘good’ (n = 4).

All hazelnut basketry stems were gathered within a few weeks of bud break, which
spanned between spring solstice (March 20/21) to early May, depending on the site aspect and
elevation. The majority of basketweavers I observed are either retired (14%) or employed by the
Tribes, Forest Service, and local school districts (78%). While some positions provide flexible
work hours that enable the gathering of ecocultural species like hazelnut, most hazelnut stem
gathering observed here occurred on the weekends (84% of gathering trips). Basketweavers
expressed that they would prefer to gather close to home, but few suitable burned hazelnut groves
were located in close proximity to their residences. Three basketweavers noted that although they
had relatively small patches (< 500 m?) of hazelnut on their landholdings that they regularly
burned, these sites produce insufficient quantities of basketry stems to satisfy the needs of
basketweavers. Furthermore, productive shrubs in one year cannot be productive the following
year, if they are on the more common fall burning cycle. Thus, individuals with small patches on
their properties needed to gather at other burned sites to support their weaving.

Out of all stem gatherers, I received reports and made harvesting observations with six
individuals consistently between 2016 and 2019. Only one of these individuals gathered
exclusively in Karuk territory, and the other five individuals consistently gathered in Yurok
territory. The five that gathered in Yurok territory, on average gathered at 1.4 burn sites between
2016 and 2018 (range of total distinct sites = 3 — 5), and in 2019 visited 2.8 sites (six distinct sites
visited). Four of these basketweavers reported that they took five or more gathering trips within
the hazelnut gathering season.

Gathering hazelnut stems requires a considerable commitment if burned areas are distant
and the presence of quality hazelnut stems is unknown. Because some basketweavers now reside
relatively far from ancestral territories and burned hazelnut groves, basketweavers were observed
to travel considerable distances to gather. Harvesters traveled a median distance of 34 km one-
way (range: 0 — 472 km) per trip to gathering patches (X = 60 = 10.9 km, n = 49). Basketweavers
travelled 3.8-fold greater distances to reach wildfire gathering sites (X = 129 km, ox = 40 km) than
to cultural burn areas (X = 38 km, ox = 6 km, p < 0.01). On average, gatherers spent 56 = 16

minutes in a hazelnut stem gathering site. At prescribed burn sites, mean gathering rates were 4.9
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stems/minute/individual (n = 22) while gathering rates recorded at wildfire locations (n = 4) were
reduced to only 1.6 stems/minute/individual, and at the fire excluded site the gathering rate was
0.5 stems/minute/individual (Fig. 20). From 2015 - 2019 basketweavers and stem gatherers
selected 21 independent burn areas; 76% of these sites were culturally burned and 24% were
burned by wildfires. Of these sites, 29% were on USFS land, 48% were privately owned, and
23% were Tribally owned fee or trust lands (Yurok and Hoopa Valley reservations). The majority
of gathering trips recorded occurred at culturally burned sites in Yurok territory (78%, n = 89).
Trips in Yurok territory all occurred at culturally burned sites, whereas trips to gathering sites in
Karuk and Hupa territories were significantly more likely to occur at wildfire sites (50% of all
trips, n =20, p <0.0001).

While wildfires in this region burn hazelnut shrubs, basketweavers remarked that
searching for hazelnut shrubs in these typically remote wildfire areas requires considerable
additional time. Ms. Verna Reece, a renowned Karuk basketweaver and teacher, consistently
shared that she is one of the few gatherers who invests the necessary time and effort to drive the
roads through burn areas in Karuk territory to scout and locate suitable hazelnut groves. Because
Verna shares identified locations of hazelnut patches within wildfire areas, many of her students
benefit from her initial reconnaissance and knowledge of local fire history. I observed three
hazelnut gathering trips that Ms. Reece led, and heard 4 reports of additional gathering trips that
she facilitated. On these trips Ms. Reece always brought at least two of her students with her. The
trip with the most students occurred during the annual Karuk basketweavers gathering in 2017,
and she brought >30 individuals to gather hazelnut basketry stems in an area that was routinely
mechanically cut to reduce roadside fuels.

Basketweaver observations of reduced hazelnut stem quality in spring burned hazelnut
groves impart their relatively low preference for those harvesting areas as they are deemed to be
“burned at the wrong time”. Other sites that were assessed as relatively poor quality were those
that were heavily browsed by deer and elk (native ungulates), and those sites that were not burned
at a sufficient intensity. At low intensity burn sites gatherers found that basketry stems were
challenging to access due to the limited consumption of underbrush and surface and ladder fuels
(e.g., down logs with branches/limbs, or small trees and shrubs). Basketweavers also noted that
shrubs burned in the winter and spring produced stems that were smaller in diameter and shorter
in length than those burned in the summer or fall, because of the reduced period between burning

and gathering.
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In contrast to years of relative abundance, when there are limited burned areas for
basketry stem gathering, such as in the spring of 2015, the locations of basketry stems are not
readily shared, and basketry classes have a scarcity of resources. Under these circumstances,
territoriality is much more palpable. For example, at one gathering site on a privately-owned
parcel in Yurok territory, initially only family members had permission to gather basketry stems,
however, once the family realized there were a surplus of stems, then other Yurok Tribal
members were invited to gather, and eventually Karuk and Hupa Tribal members were also
invited. Nevertheless, the majority of basketweavers do not feel comfortable gathering within the
territory of other Tribes, unless they have a direct or close relationship with someone of that
Tribe.

Basketweavers report several obstacles to increasing hazelnut grove burning, most
notably the displacement of Indigenous peoples from their lands and the subversion of Tribal
sovereignty. Non-Indian private landowners continue to prioritize timber and Cannabis
production, and thus, former hazelnut gathering areas have become overgrown and displaced by
other resources. Several basketweavers expressed that the persistence of racism, as well as its
ongoing manifestations of harassment, imprisonment, and violence toward Indigenous peoples for
gathering, hunting, and burning on their lands makes them hesitant to gather hazelnut stems,
despite USFS policy changes that permit Indigenous gathering. One basketweaver noted that as
recently as 2016, a Yurok Tribal member was fined for gathering by a California State Park
ranger in Yurok ancestral territory. Another basketweaver recounted that private landowners
harassed basketweavers in 2018 for gathering materials near national forest roads on privately-
owned parcels. Despite this harassment, several weavers remarked that such harassment does not
dissuade them, and that “gathering is necessary to exercise their sovereignty” as Indigenous

peoples.

A

‘v 2

Figure 19. Intergenerational Hazelnut Basketry Stem Gathering. Photo by Frank Lake.
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DISCUSSION

Ecology of basketry stem production and hazelnut shrub density

Karuk and Yurok burning of hazelnut shrubs greatly increases basketry stems one
growing season post-burn compared with > 3 growing seasons post-burn. This suggests that
cultural burning for basketry stem production would be optimized at short intervals (e.g., every 3
— 5 years). This strongly concurs with California Indian basketweaver knowledge of hazelnut fire
ecology, and practice of cultural burning (O’Neale 1932; Thompson 1991; Ortiz 1998; Anderson
1999), and aids the interpretation of regional fire history studies regarding fire frequency and
seasonality of the ancestral territories of Tribes who use hazelnut stems in basketry (F. Lake/E.
Knapp USDA Forest Service unpublished data; Fry and Stephens, 2006; Taylor and Skinner,
2003, 1998).

Higher densities of hazelnut shrubs occur in areas that have burned > 3 times in 30 years,
creating a higher density of basketry stems in these areas one growing season post-burn compared
with hazelnut groves where fire has been excluded and densities are lower. Greater shrub density
and basketry stem production in areas with relatively less canopy basal area also suggest that
short interval burning would benefit hazelnut shrubs, as these canopy conditions are promoted by
frequent, low-intensity fire regimes (Stephens and Fulé 2005; Scholl and Taylor 2010). Given the
vital importance of hazelnut stems in Karuk and Yurok culture, and many other regional tribes,
burning for hazelnut undoubtedly affected the abundance of hazelnut across the pre-colonial
landscape. The greater density of hazelnut shrubs at lower elevations may be an artifact of the
historical settlement of Karuk and Yurok villages along the Klamath river (Waterman 1920;
Kroeber 1936) and the repeated cultural burning of hazelnut groves in close proximity to villages
and favored resource camps.

A staggered, low intensity, and frequent cultural fire regime, like that proposed by
Lightfoot and Parrish (2009), maintains hazelnut groves in a steady ecological state (Botkin and
Sobel 1975; Petraitis and Latham 1999; Beisner et al. 2003). This socio-ecological system is akin
to the burned areas that Lewis and Ferguson (1988) referred to as “fire yards and corridors” that
were regularly burned to maintain prairies. However, in this case these yards are not
anthropogenic prairies, but the park-like forests often described by early European settlers
(Sudworth 1900; Leiberg 1902; Pyne 1982; Muir 2008). Unlike anthropogenic burning in the
spinifex desert of Australia, or the swidden Mayan milpa that creates a shifting successional

mosaic (Bliege Bird et al. 2008; Nigh and Diemont 2013), hazelnut groves are maintained by
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frequent low-intensity burning, that halts successional processes. The focal ecocultural species in
a hazelnut grove is woody and has a re-sprouting life history, which suggests that a distinct
burning regime is required to maintain hazelnut, compared to a ‘yard’ of herbaceous perennials or
annuals.

This socio-ecological model was described in 1916 by Lucy Thompson, a Yurok woman,
who stated that, “The Douglas fir timber...has always encroached on the open prairies and
crowded out the other timber; therefore they have continuously burned it” (Thompson 1991: 33).
This finding was further developed and articulated as a state and transition model by Huntsinger
and McCaffrey (1995) that included woodlands, but did not address important understory
ecocultural species, like hazelnut. Similarly, other ecological studies in northern California
montane forests have found that repeated burning by lightning fires maintain steady shrubland
states (Odion et al. 2010; Lauvaux et al. 2016), and that in the absence of fire, oak woodlands
convert to Douglas fir stands (Hunter and Barbour 2001; Engber et al. 2011; Schriver et al. 2018).
Hence, this fire-mediated dynamic is quite prevalent in the region, and supports the finding that
hazelnut is less abundant in the absence of frequent fire.

The maintenance of hazelnut groves, for basketry in open forests, and for nuts in more
shrub dominated patches, through repeated cultural burning is an excellent example of how
California Indian resource management has been critical to ecological dynamics throughout
California (Lightfoot and Parrish 2009; Anderson 2018). Cultural burning produces a positive-
feedback ecological relationship (Bliege Bird 2015), between basketweavers and hazelnut and is
evidence of human niche construction and ecosystem engineering by California Indians (Jones et
al. 1994, 1997; Smith 2011; Odling-Smee et al. 2013). In this case, cultural burning increases the
resource productivity of hazelnut shrubs and basketry stems for basketweavers, and also increases
quality forage for ungulates (Lawrence and Biswell 1972; Kie 1984; Long et al. 2008), and nut
production for humans and wildlife (Lake 2007; Fine et al. 2013; Armstrong et al. 2018).
Anthropogenic patch mosaic burning by Australian Aborigines to improve hunting is another
example of human niche construction that has been shown to increase habitat edge density and

wildlife abundance (Bliege Bird et al. 2013; Codding et al. 2014).
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The expansion of cultural burns for a suite of fire-enhanced ecocultural resources would
have cascading effects on species diversity and populations, and likely positive effects for a
diversity of wildlife including endangered species like the California condor and Spotted Owl that
feed in edge habitats and clearings (Cowles; Biswell 1999; Franklin et al. 2000; Roberts et al.
2011; Nabhan and Martinez 2012; Eyes et al. 2017). In the absence of cultural burning (fire
exclusion), hazelnut and countless other understory species are compromised (Webster and
Halpern 2010; Knapp et al. 2013; Wynecoop et al. 2019), along with the Indigenous fire-
dependent cultures that rely on these species and processes (Heffner 1984; Ortiz 1993;
Mathewson 2007; Smith 2016).

Basketry stem quality and ecology

As cultural burning expands within a drastically altered ecological, climatic, and political
context in California, evaluating the effects of ecological and fire variables on the production and
quality of hazelnut stems may serve to refine future burning decisions. Our data show that canopy
basal area, dominant canopy tree, and burn season all influence hazelnut basketry stem length.
Post-burn basketry stem qualities are important to basketweavers, who need a variety of stems of
different lengths and diameters depending on what they intend to weave (O’Neale 1932; Lake
2007: 243). Longer stems have more functionality than shorter stems, as they can be cut to shorter
lengths depending upon the basketry project (V. Reece, pers. com., 2018). Therefore, our
measurements of stem diameter and length may help fire managers and basketweavers identify
and prioritize forest stand characteristics, burn season, and the frequency of cultural fires in
hazelnut groves.

Canopy basal area is negatively correlated to stem length, and hardwood canopies
supported longer stem lengths (on average 18 cm longer), compared with coniferous canopies.
These relationships may be attributed to greater understory light transmittance in forest stands
with lower basal area, and broadleaf trees such as oaks (Fralish 2004; Barbier et al. 2008). Given
that lower basal areas also support overall basketry stem production, canopy thinning in hazelnut
groves would likely improve quality and quantity of basketry stems. Targeting coniferous species
for thinning would also support the growth of encroached hardwoods, whose populations have
become compromised by Douglas fir in the region (Hunter and Barbour 2001; Engber et al. 2011;
Cocking et al. 2012; Schriver et al. 2018).

Shrubs that were burned in the spring produced significantly shorter stems compared to
all other burn seasons. This is attributed to the truncated growing season caused by these burns,

which occurred after bud break. Although shorter length stems are less functional, stems burned
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in the spring also have a smaller diameter, which is a desired quality for basketweavers producing
baskets that require a tight weave (e.g., basket caps; Johnson and Marks, 1997). Hence, this trade-
off may be preferred by some basketweavers. The stem wood to pith ratio is also different among
spring vs. fall burned hazel shoots, which affects the tensile strength and durability for use in
weaving (Rentz 2003; Lake 2007). However, spring burning raises concerns for some Tribal
members as burning during this season may negatively affect wildlife and was less common
preceding colonialism (Knapp et al. 2009; Marks-Block et al. 2019). Tribal members have also
taken advantage of recent winter droughts (Griffin and Anchukaitis 2014) and dry periods to
increase cultural burning for hazelnut basketry stems. Stems produced from these burns also had
a smaller diameter compared with summer burns, and were longer than those stems burned in the
spring. Hence, finding good burning opportunities in the winter may produce stems of desirable
qualities, without the potential negative effects of burning after the spring equinox.

Ungulate browse also shortened stems and initiated lateral stem branching, reducing the
functionality and quality of stems. When there were high proportions of browsed stems at cultural
burn sites, basketweavers rated their quality as poor, and few basketweavers selected these sites
for gathering. While browse occurs at all sites, if burning is done near residences, the nearby
presence of dogs and people may discourage interspecies competition for post-burn hazelnut
resprouts, and have the added benefit of reducing wildfire hazards. Additionally, expanding the
frequency and area of cultural burn sites, and allowing wildfires to burn for resource objectives
and socio-ecological benefits, may reduce interspecies competition for hazelnut resprouts by

providing sufficient high quality browse for ungulates across the landscape (Wan et al. 2014).
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Basketry stem gathering and governance

Cultural burning directly supports the maintenance and revitalization of Northwest
California Indian basketweaving by reducing the costs associated with basketry stem gathering.
Foraging efficiencies are greatly improved by burning, and subsequently inform the selection of
basketry stem gathering sites. Basketry stem gathering rates are 10-fold greater in cultural burn
areas compared with fire-excluded hazelnut groves, leaving little incentive to gather in unburned
areas (Anderson 1999). Without accounting for the increase in travel time to wildfire areas,
cultural burn areas generated gathering rates that are 3-fold greater than those in wildfire areas,
which we attribute to greater shrub densities associated with repeated cultural burning.
Accordingly, stem gatherers selected burn sites of higher quality more frequently than those areas
of poor quality and lower shrub densities. This is strong evidence that stem gatherer decision-
making adheres to the most basic optimal foraging theories of maximizing efficiency (Stephens
and Krebs 1986).

However, land dispossession and limited Tribal autonomy over burning have caused stem
gatherers to select less than ideal gathering sites. In Karuk territory land dispossession has been
comparatively greater than in Yurok territory, thus in recent decades Tribal members have not
been able to maintain as many hazelnut groves with consistent cultural burning. Collaborative
burning between the Karuk Tribe and the USDA Forest Service tends to fluctuate with staff who
are supportive of burning, but who often move from the region to advance their careers (Diver
2016; Smith 2016). The sites where these collaborative burns occurred from 2015 - 2019 have
predominantly been in remote locations where canopy basal area is relatively high, shrub
densities are relatively low, and deer and elk ungulate browse has been heavy. As a result, Karuk
stem gatherers tend to gather in areas burned by wildfires, where they have found higher quality
basketry stems. However, compared with culturally burned sites in Yurok territory, the gathering
costs are higher due to increased travel and lower shrub densities.

Gatherers generally do not harvest in hazelnut groves belonging to other families or in
Tribal territories where they do not have social ties or permission. Hence, while there are higher
quality groves in Yurok territory, unless individuals have Yurok ancestry or are invited by Yurok
friends and family, they will gather at lower quality hazelnut groves to respect land tenure. This
social dynamic is reflective of the decentralized Karuk and Yurok governance structures
preceding colonialism where usufruct rights to resource tracts were organized at the level of
families and individuals (Waterman 1920; Thompson 1991; Huntsinger and Diekmann 2010;
Bettinger 2015).
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The centralization of resource and fire management by the US government and the
fragmentation of Tribal land ownership pose major challenges to increasing access to ecocultural
resources like hazelnut basketry stems (Huntsinger and Diekmann 2010). Nonetheless, Karuk and
Yurok Tribal members have initiated successful burning programs that are reducing the relative
scarcity of hazelnut stems and supporting cultural revitalization. To adjust to these new modes of
governance, Tribes have developed their own Natural Resource departments and wildland fire
departments, and have established partnerships with the USDA Forest Service to co-manage fire
and resources (Long and Lake 2018). Tribal basket weavers have also self-organized to form
organizations such as the California Indian Basketweavers Association (LeBeau 1998;
Kallenbach 2009) and Karuk Indigenous Basketweavers to address the need for cultural burn
partnerships. In Karuk territory these partnerships have supported the development of long-term
cultural fire restoration projects that intend to initiate regular repeated burns in hazelnut groves
(USDA Forest Service PSW Region 2018).

In Yurok territory, basketweavers and their families have initiated a successful cultural
burning program that has reduced the relative scarcity of hazelnut stems. The Cultural Fire
Management Council (CFMC) began to annually burn hazelnut groves in 2013, and supported
families and the Tribe in maintaining regular burns. In 2019, the CFMC President, Margo
Robbins, shared that, “Ten years ago it wasn’t often that you’d see a baby in a basket. Now there
are lots of babies in baskets because of TREX”. Basketweavers like Margo articulate a clear
connection between burning and its role in supporting cultural revitalization.

Partnerships between Tribes, NGOs and government agencies have supported the
contemporary burning of hazelnut groves, much like collaborative burning projects in South
America and Australia (Fache and Moizo 2015; Mistry et al. 2019; Neale et al. 2019), but greater
Tribal sovereignty and familial autonomy over burning in ancestral lands will ensure its
maintenance and expansion (Baldy 2013; Robbins et al. 2016). In regions where cultural burning
is less frequent due to legacies of fire exclusion, prescribed fire managers could prioritize the
revitalization of these practices in collaboration with American Indian communities (Lake et al.
2017; LeCompte 2018; Long and Lake 2018; Lewis et al. 2018; Wynecoop et al. 2019).

The revitalization of Karuk and Yurok cultural burning is an alternative model for
restoring fire and ecological function to landscapes that experienced fire exclusion and industrial
timber extraction. Compared to restoration initiatives focused upon conservation and hazardous
fuel reduction, California Indian initiatives are primarily tied to restoring ecocultural species for
cultural, spiritual, and subsistence use. The firing practices of Indigenous and place-based fire-

dependent cultures may be more effective at restoring the desired reference landscapes that
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conservation organizations and public land agencies aim to recreate, because their practices were
partially responsible for the historical, more predominately cultural fire regime (Kimmerer 2011;
Lake 2013; Bliege Bird and Nimmo 2018). Moreover, Tribes, resource users, and local entities
appear to be well equipped to maintain burning over the long-term, compared to centralized
bureaucracies whose budgets and political orientations are in constant flux. The cultural burns
observed here indicate that this fire governance model has great potential to support fire-adaptive

socio-ecological communities (Abrams et al. 2015; Roos et al. 2016).
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CHAPTER 5

Maintaining California Black Oak (Quercus kelloggii) Woodlands with Cultural Fire in
Karuk and Yurok Territories in Northwest California

ABSTRACT

Cultural fires are intentionally set fires to maintain the abundance and quality of species
and habitats fundamental to California Indian livelihood and culture. Historically, California
Indians repeatedly burned the understories of California black oak (Quercus kelloggii) woodlands
to improve the gathering efficiency of acorns and other understory species. In northwest
California, the Karuk and Yurok Tribes are revitalizing cultural burns, in part to maintain black
oak and other hardwood species that, in the absence of burning, have been encroached by
Douglas fir (Pseudotsuga menziesii), and suppressed to support timber plantations. In addition,
cultural burns are being implemented to reduce hazardous fuel accumulations and wildfire risk
given widespread fire exclusion policies. In some areas of Karuk and Yurok territory, cultural
burning has persisted at high frequencies (= 3 burn events from 1989 — 2019). In this study we
compare the overstory species composition, stand basal area (>10 cm dbh), and tree densities
between these high cultural burn frequency sites, and sites where cultural burns have been
recently re-introduced or proposed (low frequency sites: < 3 burn events from 1989 —2019)
using field surveys within 21 cultural burn sites and an analysis of deciduous tree cover from
remotely sensed images. We also document the biophysical and climatic conditions during
cultural burns, and evaluate whether cultural burns reduce surface fuels, and alter the density of
Douglas fir seedlings and saplings. We find that high frequency burn events facilitate hardwood
tree overstories predominantly composed of deciduous black oak (p < 0.001), and that at low
frequency cultural burn sites Douglas fir dominated the overstory. Overstory tree basal area at
sites dominated by Douglas fir was 1.85-fold greater than at sites dominated by hardwoods (p <
0.0001), and tree densities were 1.5-fold greater at low frequency burn sites compared with high
frequency burn sites (p < 0.01). Small diameter surface fuels (0 — 25 mm) and Douglas fir
seedlings and saplings were significantly reduced by cultural burns (p < 0.01). High frequency,
low-intensity cultural burning is an effective means to maintain black oak woodlands, and

supports California Indian livelihoods and culture.

84



INTRODUCTION

Preceding colonialism, California Indians intentionally set fires throughout the forests
and woodlands of California that were fundamental to maintaining the abundance and quality of
species critical to their livelihood and culture (Stewart 2002; Lightfoot and Parrish 2009;
Anderson 2018). Acorns from oaks (Quercus spp.) and tanoaks (Notholithocarpus densiflorus)
were a critical subsistence food for Indigenous Californians (Basgall 1987; McCarthy 1993;
Tushingham and Bettinger 2013; Long et al. 2016), and the understories of these woodlands were
prescriptively burned to diminish acorn insect infestations and reduce accumulations of woody
fuels and brush, improving acorn gathering efficiency (McCarthy 1993; Halpern 2016). However,
in the first three decades of the 20™ century, such prescriptive burning was widely prohibited by
fire exclusion policies, and California Indian lands were extensively dispossessed engendering
massive ecological and cultural change (Pyne 1982; Huntsinger and McCaffrey 1995; Lightfoot
and Parrish 2009; Norgaard 2019).

In northwest California, Tribal members can no longer rely on acorns or other fire-
enhanced species for subsistence and cultural practices (Norgaard 2019; Sowerwine et al. 2019),
because acorn quality has deteriorated without understory burning (Halpern 2016), and oak
woodlands have been encroached by conifers or were converted to timber plantations
(Strothmann and Roy 1984; Barnhart et al. 1996; Hunter and Barbour 2001; Cocking et al. 2012;
Schriver et al. 2018). Yet, in Karuk and Yurok Indian territories (Fig. 21) prescriptive burning
practices, colloquially called ‘cultural burning,” were not completely eradicated, but persisted in
small areas (< 10 ha) because of Indigenous land tenure and resolve to maintain the practice.
Since 2013, cultural burning practices are being revitalized in the region through partnerships
with the Fire Learning Network’s Prescribed Fire Training Exchanges and changes in state and
federal fire management policies (Long et al. 2018b).

This resurgence of cultural fires generates a unique opportunity to evaluate their effects
upon understory surface fuels (which mitigate fire intensity and rate of spread), and to compare
the overstory forest composition and stand structure between sites with distinctive fire regimes:
those sites where cultural burning events have been frequent and persistent for at least the past 30

years, and sites where cultural burning has been absent or minimal within the same period.
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California Forests and Fire Regimes Preceding Fire Exclusion

Pre-colonial California forests had relatively lower tree densities compared with forests
after fire exclusion policies were enacted and timber practices ensued because of repeated low-
severity cultural burns, combined with uninhibited wildfire spread (Parsons and DeBenedetti
1979; Scholl and Taylor 2010; Collins et al. 2011; Knapp et al. 2013). Pre-colonial cultural
burning created fuel discontinuity, and thereby, reduced both areas and severities of wildfires
(Miller et al. 2012; Steel et al. 2015; Taylor et al. 2016). In Karuk and Yurok Indigenous territory,
situated in the Klamath and coastal mountains of northwest California, historical pyrodiversity
and anthropogenic burning supported considerable landscape heterogeneity and biodiversity
(Whittaker 1960; Martin and Sapsis 1992; Skinner et al. 2006). Fire histories reconstructed
through dendrochronological methods show that during the era preceding fire exclusion, fire
return intervals were significantly shorter when compared with the post-fire exclusion era (e.g.,
8.5 years versus 21.8 years; F. Lake and E. Knapp USDA Forest Service unpublished data;
Taylor and Skinner 1998; Skinner et al. 2006). Furthermore, USDA Forest Service and CAL
FIRE databases indicate that anthropogenic fires were more prevalent during the transition to the
fire exclusion paradigm (e.g., 1910 — 1930), than compared with the 1990s and 2000s,
substantiating the influence of Indigenous burning in the region (Busam 2006; Miller et al. 2012).
A sediment core from a low-elevation regional lake (Fish Lake, 41°14'N, 123°42'W, elevation:
541 m) also exhibited both increased charcoal accumulation rates and oak (Quercus spp.) pollen
proportions under cool and wet conditions (Crawford et al. 2015). Crawford et al.’s (2015)
findings suggest that Indigenous burning in this locale imparted relatively strong effects on
species composition compared with solely climatic patterns.

Historical accounts by Karuk and Yurok Indians confirm that low-severity, brief-interval
burning of oak woodlands supported their maintenance throughout northwest California
(Thompson 1991; Stewart 2002; Long et al. 2016). Yurok author, Lucy Thompson wrote in 1916
that: “the Douglas fir timber...has always encroached on the open prairies and crowded out the
other timber; therefore they have continuously burned it” (Thompson 1991: 33). Mamie Offield, a
Karuk woman, stated that oak groves were burned each year to kill insect pests and leave “the
ground underneath the trees bare and clean...[as] it is easier to pick up the acorns” (Schenck and
Gifford 1952: 382). Phoebe Maddux, also Karuk, shared that “the tan oak is not good when it is
burned off, the tree dies. When they are burning, they are careful lest the trees burn” (Harrington
1932: 65). Indigenous ecological knowledge of these forest stand dynamics has been transmitted

across generations, and persist to date (Lake 2007; Norgaard 2019).
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Ethnohistorical accounts have informed land management decisions, and the restoration
of low-severity prescribed fire in California forests (Ryan et al. 2013; Stephens et al. 2016;
USDA Forest Service PSW Region 2018), however, contentious debates remain. Parker (2002)
and Vale (1998, 2002), for example, contest that little physical evidence exists to support the
argument that extensive landscape modification was created by anthropogenic burning. They
argue that climatic conditions primarily drive fire regimes, and that eliminating fire suppression
policies and embracing preservationist (wilderness) land management objectives would
sufficiently restore fire regimes (Vale 1998, 2002; Parker 2002). In a similar vein, Baker (2014)
contests that the low-intensity fire regimes and the low-tree density (e.g., < 150 trees ha™), park-
like forests land management agencies are attempting to restore, do not accurately reflect
historical conditions of California montane forests from General Land Office (GLO) surveys
(1865 — 1885) that suggest greater tree densities (e.g., 293 trees ha'). However, others have
suggested that GLO data may over-estimate historical tree densities (Hagmann et al. 2013), and
that post-fire exclusion, tree densities have increased compared with those found in GLO surveys
(Fulé et al. 2014). Other studies in the Sierra Nevada that compare historical forest stand
inventories at smaller-scales show that relatively low tree densities were prevalent preceding fire
exclusion, and densities have since increased (Scholl and Taylor 2010; Collins et al. 2011;
Stephens et al. 2015). In the southern Klamath mountains, Taylor and Skinner (2003) also found
that tree densities increased post-fire exclusion.

Studies of pre-colonial human-fire dynamics, that combine historical and paleo-
ecological data with archaeological and human ecological data at relatively fine scales elucidate
important nuances in fire regimes and forest stand structure (Lightfoot et al. 2013; Roos et al.
2016, 2019; Swetnam et al. 2016; Taylor et al. 2016; Power et al. 2018; Walsh et al. 2018). Most
importantly, if studies incorporate analyses of contemporary restored cultural and prescribed fire
regimes that are driven by Indigenous subsistence and cultural objectives, empirical results would
inform efforts to reconstruct the effects of Indigenous fire practices on forest and landscape
dynamics (Murphy and Bowman 2007; Bliege Bird et al. 2008; Shebitz et al. 2009; Bilbao et al.
2010; Laris 2011; Halpern 2016; Trauernicht et al. 2016; Hart-Fredeluces and Ticktin 2019).
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Contemporary Effects of Fire Exclusion

Since the early 20™ century (e.g., 1905 — 1920), the policies of the federal and California
state government have not only excluded prescribed burns, but have emphasized private-public
sector forest management policies and practices that prioritize an extractive commercial timber
economy (Clar 1959; Laudenslayer and Darr 1990; Speece 2009). In combination, these policies
produced widespread changes in both forest composition and stand structure as well as resulted in
an accumulation of understory surface fuels (Parsons and DeBenedetti 1979; Laudenslayer and
Darr 1990; Agee 1993).

Since the 1970s, fire areas in the Klamath mountains have grown in area compared with
records from 1910 — 1950, as timber plantations composed of small diameter conifers have
increased fuel continuity and fire severity, and anthropogenic ignitions have been excluded
(Weatherspoon and Skinner 1995; Odion et al. 2004; Miller et al. 2012; Zald and Dunn 2018).
Fire exclusion, coupled with timber plantation practices, has also affected the distribution of
hardwood tree species (e.g., Quercus spp., Notholithocarpus densiflorus, Umbellaria californica,
and Arbutus menziesii; Long et al. 2018). In timber extraction areas, the USDA Forest Service
regularly used herbicides since the 1960s to suppress hardwood regeneration and support conifer
growth (Strothmann and Roy 1984; Segawa et al. 1997; Harrington and Tappeiner 2009). This
practice has imparted negative effects on species such as tanoak (Notholithocarpus densiflorus)
and California black oak (Quercus kelloggii), whose acorns provide the foundation of Indigenous
subsistence and livelihood in the region (Tushingham and Bettinger 2013; Long et al. 2016;
Norgaard 2019).

Fire exclusion has also facilitated fire-sensitive species, such as Douglas fir (Pseudotsuga
menziesii), to out-compete hardwood species such as oaks. Douglas fir is able to grow vertically
at greater rates than California black oak (Quercus kelloggii), and, thus, can replace black oak
stand dominance in the absence of fire (Barnhart et al. 1996; Hunter and Barbour 2001; Cocking
et al. 2012; Schriver et al. 2018). Douglas fir also develops thick, fire-resistant bark as it matures
that effectively protects it from low-intensity fire (Zeibig-Kichas et al. 2016). Hardwoods such as
black oak are resilient to fire given their ability to persist after low-intensity burns and re-sprout
from the root crown after higher-severity burns (McDonald and Tappeiner 2002; Cocking et al.
2014; Hammett et al. 2017; Nemens et al. 2018; Pawlikowski et al. 2019). Black oak leaf litter is
also highly flammable, creating an understory fuel bed that is more conducive to fire compared
with Douglas fir stands (Engber et al. 2011; Schwilk and Caprio 2011; Engber and Varner 111
2012). Therefore, others have proposed that a low-intensity, brief-interval (e.g., every 3 — 10

years) fire regime could facilitate the maintenance of black oak woodlands throughout its range
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(Skinner et al. 2006; Long et al. 2016; Nemens et al. 2018). These dynamics align with the theory
of alternative stable states, which predicts that certain ecological communities are maintained
through consistent perturbations such as low-intensity fires (Botkin and Sobel 1975; Bond and
Van Wilgen 1996; Beisner et al. 2003; Staver et al. 2011). In the absence of these perturbations,
oak woodlands in northwest California are predicted to transition to an alternate state dominated

by Douglas fir (Huntsinger and McCaffrey 1995; Cocking et al. 2012).

Cultural Fire Resurgence

While there has long been an interest in reversing fire exclusion policies and revitalizing
cultural burning in the region, the recent resurgence is often accredited to partnerships with the
Nature Conservancy’s Fire Learning Network and the initiation of prescribed fire training
exchanges (TREX) in 2012 (Terence 2016). TREX burn days are scheduled either weeks or
months in advance and recruit qualified wildland fire personnel from different agencies across the
nation to conduct burns.

This recent resurgence of prescriptive cultural burning occurring within Karuk and Yurok
territory is connected to their communities’ efforts to revitalize spiritual and cultural practice
(Buckley 2002; Field 2008; Smith 2016; Baldy 2018), as well as the unprecedented fuel hazards
generated by fire exclusion policies (Vaillant and Reinhardt 2017). Given that the land base of the
Karuk and Yurok Tribes has been significantly circumscribed by federal and private timber and
conservation interests (Huntsinger and Diekmann 2010; Norgaard 2019), Tribal members and
Tribal governments have been working in partnership with federal agencies and non-
governmental organizations to re-integrate fire and Indigenous livelihoods into forest
management (Underwood et al. 2003; Levy 2005; Long and Lake 2018).

Cultural burns are almost entirely located on Tribally or privately-owned parcels,
although there are some occurring on National Forest lands in partnership with the Forest Service
(Colegrove 2014). These cultural burns have multiple objectives, and sites are selected through
multiple criteria that may include wildfire protection potential, biophysical conditions during a
TREX, and relative ecocultural resource density. For example, many of these sites have been
culturally burned with the aims to increase the production of basketry stems from California
hazelnut shrubs (Corylus cornuta var. californica) as well as to reduce fuel loads near homes
(Chapter Three). The enhancement of hardwood stands, oak woodlands and savannas with
cultural burns are also stated objectives of Tribal members, their organizations, and governments
(Huntsinger and Diekmann 2010; Karuk Tribe Department of Natural Resources 2011; Manning
and Reed 2019).
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The recent application of prescribed burns from 2015 — 2019 provide an outstanding
opportunity to directly observe the characteristics of sites being burned. I evaluate how social
variables, such as burn type (e.g., TREX or USDA Forest Service) and Tribal territory (i.e.,
Karuk and Yurok) affect cultural burn frequencies at sites, and I document the biophysical and
climatic conditions during cultural burns. Using historical and regional fire ecology as a basis for
our inquiry, I assess if cultural burns: 1) reduce surface fuels; and, 2) alter the density of fire-
sensitive Douglas fir seedlings and saplings. Then I expand the spatio-temporal scales of my
analyses to examine if: 3) overstory tree species composition; and, 4) basal area and tree densities
change with cultural fire event frequency as predicted to occur in pre-colonial forest stand
structures. Framed by alternative stable states (Botkin and Sobel 1975; Petraitis and Latham
1999; Beisner et al. 2003; Suding and Hobbs 2009; Hughes et al. 2013), I predict that those areas
that have only recently been culturally burned after decades of fire exclusion, and those areas that
are adjacent to high frequency burned areas, will have transitioned to forest stands that are
dominated by fire-sensitive Douglas fir canopies with comparatively high tree densities and basal

arcas.

METHODS

Study Area

The study area consists of burned and adjacent unburned areas (Fig. 23) within the
1919 km? ancestral territory of the Yurok Tribe and the 2728 km? ancestral lands of the Karuk
Tribe (Fig. 21A; Waterman, 1920, Baumhoff, 1963). Settlements historically were concentrated
along the Klamath River and the Pacific coast (Waterman 1920; Kroeber 1936; Bright 1957), and
hunting and gathering grounds for critical ecocultural resources were managed and tended by
families or individuals (Waterman 1920; Bettinger 2015). Today, the Yurok and Karuk Tribes
comprise ~6,000 to ~7,000 members, and are two of the most populous of 109 California Tribes
currently ‘recognized’ by the US Federal government (United States Census Bureau 2010b). In
Karuk territory, the federal government did not establish a reservation, leaving merely
3.83 km?” of Karuk trust lands in their ancestral territory, with the remainder largely under the
jurisdiction of the Klamath and Six Rivers National Forests and scattered private homesteads
(Fig. 21A; Davies and Frank, 1992, Norgaard, 2014, US Census Bureau, 2017). As a result,
Karuk Tribal members and management agencies must navigate the USDA Forest Service’s
claims on their ancestral territory, and have limited options to expand their land base through the

acquisition of private land holdings.
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In Yurok territory, multiple overlapping jurisdictions occur including Redwood National
Park (192 km? Underwood et al., 2003) and Six Rivers National Forest (577 km?) outside of the
reservation established by the federal government. The reservation is located along a 1.6 km
buffer following the Klamath River from its estuary to ~80 km upriver (~225 km* Huntsinger and
Diekmann, 2010). However, 106 km? (47%) of the reservation is under private timber company
ownership (Yurok GIS Program, 2015). Consequently, the Yurok Tribe must either coordinate or
interact with multiple actors within their ancestral territory. However, due to greater proportions
of private property in Yurok ancestral territory, the Yurok Tribe presently has more options to
acquire private properties when compared with the Karuk Tribe.

Annual precipitation in the study region ranges from 115 — 157 cm (PRISM Climate
Group Oregon State University), with strong orographic effects, and ~90% of precipitation
occurring between October and April (Skinner et al. 2006). Lightning-ignited fires are more
common at higher (e.g., 600 — 1,799 m asl) elevations and generate mixed severities with strong

topographic effects (Skinner et al. 2006; van Wagtendonk and Cayan 2008; Halofsky et al. 2011).

91



o Canada
British Columbia
Smith River
Ranchoria A
© Seattle
Pacific Ocean
O San Francisco
N
41°
} Mexico
0510
iyl
[:] Karuk Ancestral Territory Klamath NF Shasta-Trinity NF
D Yurok Ancestral Territory Six Rivers NF - Redwood National Park
American Indian Reservations and Trust Lands Rogue River-Siskiyou NF

Figure 21. (A) Study Region with Federal Jurisdictional Boundaries and Karuk and Yurok
Territories. Ancestral territory boundaries, provided by the Karuk and Yurok Tribes, represent
reconstructions, but currently are not fixed or rigid boundaries. Ancestral lands of other
Northwest California Tribes (e.g., Tolowa, Wiyot, Hupa, Shasta) are not included here, but note
that their ancestral lands may partially overlap with the boundaries rendered here (Baumhoff,
1963). (B) Western Region of the United States of America. The study region is depicted by
the red box.

Fire Ecology and Forest Stand Surveys and Analysis

I tracked 30-year (1989 — 2019) fire histories in Karuk and Yurok territories within 45
cultural and prescriptive burn sites burned from 2014 to 2019 on the Klamath and Six Rivers
National Forest as well as on privately and Tribally-owned properties (Fig. 23). Site burn
histories were reconstructed by conferring with the California Department of Forestry and Fire

Protection’s prescribed fire GIS database (https://frap.fire.ca.gov/mapping/gis-data/), and through

interviews with property owners, care-takers, and fire managers. Burn frequencies were recorded
and then divided into either ‘low’ (< 3 burn events) or ‘high’ frequency (> 3 burn events) from

1989 - 2019. Three or more burn events were deemed ‘high’ frequency because three burns over
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a 30-year period could produce a fire return interval of ~10 or fewer years, which approximates
fire return intervals in local pre-fire exclusion dendrochronologies (F. Lake and E. Knapp,
unpublished USDA Forest Service data). In addition, owners and managers who burned
properties at high frequency typically did not know the exact number of burns, but could say that
they burned > 3 times, or, for example, ‘approximately every 5 years for the past 30 years’.

From January 2015 to March 2019, I established and monitored 48 plots (20 x 20 m, 400
m?) within 21 cultural and prescriptive burn sites along with 12 paired unburned areas. The mean
elevation of the plots was 343 m (a.s.l.). Plots were randomly placed within potential burn sites
with varying fire histories identified by fire managers and property owners. Within these plots, I
measured the diameter at breast height of all overstory trees > 10 cm, along with the tree species.
Basal area and tree density by species (m” ha™ of trees > 10 cm dbh) was calculated for each plot,
the tree species with the greatest relative percentage of basal area was recorded as the dominant
overstory tree, and then subdivided into either ‘hardwood’ or ‘conifer’ tree classes. In a sub-
sample of 13 plots, I measured Douglas fir seedlings (< 1.37 m height) and saplings (< 10 cm
dbh) within eight months before and between 11 and 20 months following either a prescribed or
cultural burn. Tree mortality and char height were also measured in this post-burn period.

Wilcoxon rank sum tests were performed to evaluate the relationship between burn
frequency (as a continuous variable) and dominant overstory tree species class (hardwood vs.
conifer), as well as burn frequency and territory (Karuk vs. Yurok). A t-test was performed to
assess differences in tree density between high and low frequency burn sites, and a paired
Wilcoxon rank sum test was performed to evaluate the effects of prescribed and cultural burns on
living Douglas fir seedling and sapling densities pre- and post-burn.

To identify potential explanatory variables that affected overstory tree basal area, gamma
generalized linear models (GLM) were developed in R (R Core Team 2014), and burn frequency,
dominant overstory tree species, and Yurok or Karuk indigenous territory (Figure 1) were set as
explanatory variables. Type II Wald Chi Square tests were used to perform backward model
selection using the ‘car’ package in R (Fox and Weisberg 2018). The sjPlot package (Liidecke
2019) was applied to analyze and visualize the effects of significant variables in the GLM.

Based upon my observations and those recorded by fire managers, I collated 10-h fuel
moistures (%), relative humidity (%), temperature (°C), and wind speed (km/hr) from 30 cultural
and prescribed burns. Fuel moisture (%) was measured by collecting 10-h woody fuels from the
burn area, measuring their wet mass, and then dry mass after fuels were dried in a convection
oven for 24 hours at 80 °C. Relative humidity, temperature, and wind speed were measured using

a mobile weather meter (e.g., Kestrel 3000) or a sling psychrometer.
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In a sub-sample of 27 plots, [ randomly sampled three 10 m planar transects pre- and
post-burn to evaluate the potential effects of these burns on fuel loads. Using methods derived
from Brown (1974), I counted intersecting woody dead and down fuels, including 1-h fuels (<6
mm) and 10-h fuels (6 — 25 mm; 0.00-1.86 m); 100-h fuels (>25 — 76 mm; 0.00-3.05 m; and I
measured the diameters of solid and rotten 1000-h fuels (>76 mm; 0-10 m). Litter and duff depths
were also recorded at both 1.86 m and 3.05 m. These woody fuel measurements were converted
to Mg ha™ using formulas from Brown (1974), and litter and duff depths were converted to Mg
ha! using coefficients from Van Wagtendonk et al. (1998). I compared fuel loading pre- and post-

burn across all size classes with Wilcoxon rank sum tests.

Geospatial Analyses of Deciduous Tree Cover

To scale-up my analysis of dominant overstory tree species from the 400 m* monitoring
plots, I used remotely sensed images to analyze the effects of cultural burn frequency on
deciduous tree cover (i.e., California black oak) across entire burn areas that contained plots. I
acquired two remotely sensed images from August 11, 2018 and two images from March 15,
2019, each taken at 3 m? resolution with four bands (including red and near-infrared) from the
eastern region of the Yurok ancestral territory (long/lat: 41.200000, -123.700000). These four
images were obtained from PlanetScope satellites (Planet Labs, Inc., San Francisco, California;
planet.com). The Normalized Difference Vegetation Index (NDVI) is a measure of live green
vegetation (range: -1.0 to 1.0) generated from the near-infrared (NIR) and red (RED) spectral
reflectance of vegetation [NDVI = (NIR — RED)/(NIR + RED)] (Pettorelli et al. 2005). NDVI
was calculated for each 3 m? pixel in every image using ENVI software (version 5.4, Harris
Geospatial Solutions, Inc., Bloomfield, Colorado). Deciduous canopies display relatively high
NDVI values in August and, correspondingly low NDVI values in March. In contrast, evergreen
coniferous canopies display high NDVI values year round. To identify areas of deciduous tree
cover, NDVI values from January were subtracted from the overlapping July NDVI values across
a 305 km? area using the Band Math function in ENVI.

Using Arc Map 10.6 (ESRI, Inc., Redlands, California), I superimposed the burn
perimeters of seven areas known to have burned > 3 times (from 1989 - 2019) over the image
with NDVI change values (A NDVI). Based upon the mean burn area (10.1 + 5.0 ha), I created
seven circular areas of 10.1 ha within areas known to have experienced < 3 burn events from
1989 to 2019 (Fig. 25). These circular plots were placed either in areas adjacent to high frequency
burn areas known either to have been unburned or were placed in proposed or low frequency burn

areas containing individual black oak specimens. Within each burn perimeter and circular area,
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mean A NDVI was measured within ten randomly-distributed samples of 500 m* using the
‘Create Random Points’ and ‘Buffer’ tools in Arc GIS. Then, A NDVI between areas that

experienced >3 burn events and <3 burn events were compared using a Wilcoxon rank sum test.

RESULTS

From 2015 to 2019, 64 prescribed broadcast burns occurred within Karuk and Yurok
territories. An area of at least 552 ha was burned through prescribed fire training exchanges
(TREX) while 13 prescribed burns (712 ha combined) were conducted by the USDA Forest
Service (Table 4, Fig. 23). Yurok territory sites (n = 13) were burned at significantly higher
frequencies between 1989 and 2019 (u = 3.00 burn events, SE = 0.57) compared with burn sites
within Karuk territory (n = 32, u =1.34 burn events, SE = 0.13, p <0.001, Fig. 26). The majority
(75%) of these burns were conducted in the fall (September 21 — December 21). However, burns
were also conducted when conditions were suitable in other seasons. In Yurok territory, 12 burns
(17% of all burns) occurred in the winter (December 22 — March 21), all within sites with
overstories dominated by black oak. Of the four spring burns (6% of total, March 22 — June 21),
three were conducted by the USDA Forest Service within Karuk territory.

During the burns, the mean 10-h fuel moisture level was 18% + 2% (range: 9 — 67%),
mean minimum and maximum relative humidity spanned 35% to 50%, ambient temperatures
ranged from 18 - 24 °C, with all wind speeds below 13 km hr'' (Table 5). USDA Forest Service
burns occurred when fuel moistures were drier (x = 12.4, ox = 1.7) than during TREX burns (x =
21.5, ox =3.5), but they were not significantly different (p = 0.058, Table 5). Burn fuel moistures
by season also showed no significant differences. Burning techniques and thus flame lengths
varied depending upon site conditions. However, strip-ignition backing fires were typically used
in hardwood understories with the majority of flame lengths <1 m.

Prescribed and cultural burns significantly reduced litter, duff, 1-h and 10-h fuels (p <
0.001), but not 100-h or 1000-h fuels (Table 6). Moreover, prescribed and cultural burning
significantly reduced Douglas fir understory regeneration in seedlings (< 1.37 m height) and
saplings (< 10 cm dbh) from a pre-burn mean of 272,000 (= 109,000) ha™ seedlings and saplings
to post-burn survivorship of only 54,000 (= 23,000) ha™ seedlings and saplings (p < 0.01). Black
oak trees (= 10 cm dbh) that were killed within 1-year post-burn (2% of all burned trees sampled,

n = 172) had been burned in the fall or summer months (July — October, n = 56).
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Field and geospatial analyses show that relatively high frequency cultural burning
practices (= 3 burn events/site between 1989-2019) facilitate hardwood tree overstories (p <
0.001, Figs. 22, 24 and 25, Table 7) predominantly composed of deciduous California black oak.
Black oak dominated 68% of hardwood overstories (n = 28), and, on average, ~50% of the
overstory tree basal area at high frequency burn sites, with the remainder composed of other
hardwoods (30%) and Douglas fir (19%, Table 7). In contrast, overstory tree basal area at low
frequency burn sites (< 3 burn events/site between 1989-2019) were, on average, comprised of
70% Douglas fir and 25% hardwood species (Fig. 22, Table 7). Seasonal changes in NDVI from
summer (August) to winter (March) within high and low frequency burn sites corroborated these
field analyses. Change (A) in NDVI was 1.8-fold greater within sites that experienced > 3 burn
events (L =0.33 + 0.016) compared with sites that experienced < 3 burn events (p = 0.18 + 0.009,
p <0.0001, Fig. 25).

Total overstory tree basal area (m*ha'; trees > 10 cm dbh) surveyed in high frequency
burn plots (7 = 26) was < 50% (Marginal X = 31.1 m* ha™, ox= 6.2) compared with low frequency
burn plots (7 = 22, Marginal X = 62.6 m* ha!, 6x=2.82, p <0.0001), and displays a strong
negative relationship with burn frequency (as a continuous variable) in the univariate gamma glm
model (p = 0.002, Fig. 27). Overstory tree basal area in coniferous dominated plots (n = 20) was
1.85-fold greater (Marginal X = 62.2 m* ha™', 6z= 6.9) than in plots dominated by hardwoods
(Marginal X = 33.7 m* ha, 6x= 3.2, p < 0.0001). Overstory tree densities were 1.5-fold greater at
low frequency burn sites (X = 397.7, ox= 34.4) compared with high frequency burn sites (X =

261.5, ox=30.5, p <0.01, Table 7).
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Figure 22 Contrasting Forest Stand Qualities of Cultural Burn Areas. (A) Repeatedly
burned (> 3 burn events in 30 years) black oak (Quercus kelloggii) woodland with relatively
low basal area and basketry material gatherers in spring. (B) Douglas fir (Pseudotsuga
menziesii) dominated stand with Douglas fir saplings in the understory burned < 3 times in the
past 30 years.
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Figure 23. Wildfires with Prescribed and Cultural Burn Fires (2014-2019) within Karuk and
Yurok Territory. Prescribed fires were set either by the USDA Forest Service (712 ha, n = 8) or
through Prescribed Fire Training Exchanges (552 ha, n = 54) led by Karuk and Yurok Tribal
members in collaboration with local non-governmental organizations and government agencies.
Wildfires were initiated either by lightning or other unknown causes.

Table 4. Cultural and Prescribed Broadcast Burn Area from 2015 — 2019 in Karuk and
Yurok Territory by Burn Program Management. Burns were conducted by the USDA Forest
Service (USFS) and through the Prescribed Fire Training Exchange (TREX) led by Karuk and
Yurok Tribal members in collaboration with non-governmental agencies, the USFS, Cal Fire, and
others.

Territory USFS TREX
n XHa XxHa | n» XHa XHa
Karuk 13 7120 59.0 | 38 341.0 9.0
Yurok 2 17.0 85 | 26 211.0 88
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Table 5 Cultural and Prescribed Burn Areas Monitored from 2015-2019 with Weather
Conditions. Prescribed Fire Training Exchange (TREX) burns occurred on Tribal and private
lands and were led by Tribes and Fire Councils (z = 21) and USDA Forest Service (USFS) burns
occurred on National Forest lands (n = 9). Standard errors (%) are in parenthesis, different letters
denote significant differences using a t-test (p < 0.05).

10-h Fuel Relative Humidity Max Wind
Burn Area . Temperature
Tvoe (ha) Moisture Range °oC Speed
yp (%) (%) O (km/hr)

TREX 6.98 20.1 (3.2)* 35-48 18 -24 13
(n=21) (2.21)
USFS 12.62 12.4 (1.7) 35-54 18 -22 10
(n=9) (8.02)

Combined 8.45 17.8 (2.3) 35-50 18 -23 13
Mean (2.73)

Table 6. Fuel Loads in Cultural and Prescribed Burn Areas Pre- and Post-Burn.

One hour fuels (<6 mm), 10-h fuels (6 — 25 mm), 100-h fuels (> 25 — 76 mm), solid (s) and rotten
(r) 1000-h fuels (>76 mm), and litter and duff depths were systematically collected along three 10
m planar transects located randomly within 27 plots (400 m?). Woody fuel measurements were
converted to Mg ha™! using formulas in Brown (1974). Using coefficients from Van Wagtendonk
et al. (1998), litter and duff depths were converted to Mg ha™. Wilcoxon Rank Sum tests were
performed to evaluate fuel loading differences pre- and post-burn.

Pre/Post  Litter Duff 1-h 10-h 100-h 1000-h (s) 1000-h (r)
Burn Mg ha'! Mg ha'! Mg ha'! Mg ha'! Mg ha'! Mg ha! Mg ha!
2.41 2.57 0.73 2.56 2.22 4.31 1.93
Pre- (0.24) (0.33) (0.14) (0.33) (0.35) (1.28) (1.63)
Post- 0.27 0.66 0.23 1.25 2.33 3.59 0.32
(0.40) (0.19) (0.04) (0.15) 0.51) (0.90) 0.14)
4 <0.0001  <0.0001 <0.0001 <0.001 0.45 0.50 0.83
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Table 7. Mean Overstory Tree Basal Area and Tree Density in High (=3 Burn Events)
Contrasted with Low (<3 Burn Events) Frequency Burn Areas (1989 —2019).

Overstory tree basal area and tree density of trees 210 cm dbh were measured in forty-eight 400
m? plots. Standard errors are in parenthesis. DF = Douglas fir (Pseudotsuga menziesii); BO =
California black oak (Quercus kellioggii); MAD = Pacific Madrone (Arbutus menziesii); BAY =
California bay laurel (Umbellularia californica); PP = Ponderosa pine (Pinus ponderosa). Other
trees include Oregon white oak (Quercus garryana), big leaf maple (Acer macrophyllum), tanoak
(Notholithocarpus densiflorus), Pacific dogwood (Cornus nuttallii), canyon live oak (Quercus
chrysolepis), and giant chinquapin (Chrysolepsis chrsophylla). Basal area and tree density of BO
and DF in high and low frequency burn areas were significantly different using a Wilcoxon rank
sum test (p < 0.05) and are presented in bold.

DF BO MAD BAY PP Other Total

Basal Area (m” ha')  5.942  15.199  7.570  1.253 0 0.948 30911
>3 Burn Events (1.869) (2.192) (2.462) (0.891)  (0)  (0.370)  (3.042)
Basal Area (m®ha') 43.144  8.114 4722  0.884 3251 1575  61.690
<3 Burn Events (6.664) (2.334) (2.262) (0.760) (1.771)  (0.634)  (5.651)

Tree Density (ha')  33.654 142.308 44.231  23.077 0 18.269  261.538
>3 Burn Events (9.701) (23.195) (11.710) (12.704)  (0)  (7.790)  (30.484)

Tree Density (ha')  197.72 52273  47.727 13.636  43.182  43.182  397.727
<3BurmnEvents  (27.618) (17.322) (13.851) (7.306) (29.295) (13.681) (34.422)
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Figure 24. Burn Frequency Effects on Dominant Overstory Conifer and Hardwood Tree
Basal Area. Dominant overstory trees (=10 cm dbh) were determined by relative basal area (m?
ha™') within 400 m* plots (n = 48). Ponderosa pine (Pinus ponderosa) and Douglas fir
(Pseudotsuga menziesii) were classed as conifers, and Black oak (Quercus kellioggii), Madrone
(Arbutus menziesii) and California Bay (Umbellularia californica) were classed as hardwoods.
Hardwood overstories (n = 28) were more frequent at sites burned > 3 times from 1989 to 2019
compared with coniferous overstories (n = 20) that were more frequent at sites with <3 burn
events (p <0.001). Burn frequencies were determined from several sources, including the
California Department of Forestry and Fire Protection’s prescribed fire GIS database
(https:/frap.fire.ca.gov/mapping/gis-data/) coupled with interviews with property owners and fire
managers.
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Figure 25. Change in Summer to Winter NDVT at Sites with Contrasting Burn Frequencies
Over Thirty Years (1989 — 2019). Box insets display and contrast two of the seven analyzed
cultural burn sites (black perimeters) with > 3 burn events from 1989 to 2019. The adjacent blue
10.1 ha sites (mean area of cultural burn sites) are two of the seven matched pair sites that
incurred fewer than three burn events from 1989 to 2019. These insets are a subset of a larger
area (305 km?) that was remotely sensed at 3 m” resolution by a 4-band Planet Scope satellite in
August 2018 and March 2019 (Planet Labs, Inc., San Francisco, California; planet.com). The
NDVI from the March image was subtracted from the NDVI on the August image to generate the
A NDVI. Given that NDVI is a measure of live, green vegetation, deciduous overstories are
expected to generate a greater A NDVI compared to evergreen coniferous overstories as they
have lost their leaves by March. Pixels with a larger A NDVI are depicted in green, and those
with a lower A NDVI are depicted from orange to red. In each of the 14 sites, A NDVI was
sampled within ten randomly placed 500 m* areas. Across all samples, sites with > 3 burn events
mean A NDVI was significantly greater (1 = 0.33 + 0.016) than mean A NDVI in sites with < 3
burn events (n = 0.18 = 0.009; p < 0.0001).
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Figure 27. Mean Burn Events (£ 95% CI) Contrasted within Karuk and Yurok
Indigenous Territories. Of the 45 sites burned from 2015 to 2019, sites in Yurok territory

had significantly greater frequency of burn events compared with sites located within Karuk
territory (p < 0.001).
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Figure 26. Burn Frequency (1989 -2019) Effects on Overstory Tree Basal Area (m™ ha™;
trees 210 cm dbh). Predicted basal area values are based upon a univariate gamma generalized
linear model where burn frequency is a significant variable (p = 0.002).
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DISCUSSION

Forest Stand Dynamics with Fire Management Implications

Repeated burning of hardwood stands in Karuk and Yurok territory can maintain the
overstory dominance of trees like California black oak and prevent transitions to forests
dominated by Douglas fir. Cultural burning also reduces overstory tree basal area, tree densities,
and surface fuels, improving access to Tribal ecocultural resources like acorns and basketry
materials found in the understory (Long et al. 2016). Karuk and Yurok people recognize that the
high frequency, low-intensity cultural burning documented here is a practical means to facilitate
black oak stands and to decrease basal area to enhance their movement and enhance visibility for
hunting and gathering across the landscape (Senos et al. 2006; Lake 2007). Expanding cultural
burning will thus increase landscape heterogeneity, supporting species diversity and thus Tribal
livelihoods.

The Douglas fir dominated stands we surveyed only recently (< 15 years) experienced
prescriptive or cultural burning. These stands retained some hardwoods, yet Douglas fir
dominated with 70% of the overstory basal area, similar to other encroached oak woodlands in
the Pacific northwest (Barnhart et al. 1996; Thysell and Carey 2001; Engber et al. 2011; Cocking
et al. 2012; Devine and Harrington 2013). Douglas fir tree densities in the fire excluded sites
(197.72 +27.62 ha™') were comparable to other Douglas fir dominated stands in the region (180
ha™') reported from Taylor and Skinner (2003), although comparatively less than the 577 + 46.50
ha! tree densities documented in Karuk territory by Cocking et al. (2012). However, the tree
species basal area documented across these sites (e.g., Douglas fir: 43.14 + 6.66 m* ha™'; Black
oak: 8.11 = 2.33 m? ha™) were similar to those found by Cocking et al. (2012) at an encroached
black oak site in Karuk territory (e.g., Douglas fir: 38.01 + 3.26 m* ha™'; Black oak: 11.78 £ 1.05
m” ha™'). Although the methods employed were different, the total overstory basal area of high
frequency burn sites dominated by black oak and other hardwoods (30.91 = 3.04 m* ha) were
similar to the overstory basal area of pre-fire exclusion Sierra Nevada mixed-conifer sites (29.9
m? ha, SD 19.6, Scholl and Taylor 2010; and 24.6 £5.7 m? ha’!, Stephens et al. 2015).

In this region, fire managers typically conduct prescriptive burns when 10-h fuel
moistures range from 8% to 15% (Biswell 1999), yet the TREX burns we documented had an
average 21% fuel moisture. Thus, some burn events had limited fire intensity, patchy fuel

consumption, and minimal Douglas fir seedling/sapling mortality. One of TREX’s key objectives
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is to create training opportunities for fire professionals and community members. Because dates
for TREX are set months in advance, weather during these exchanges is unpredictable.
Nonetheless, TREX currently provides one of the few effective mechanisms for galvanizing
sufficient resources to conduct burns. As a result of TREX and Fire Learning Network support,
the Karuk Tribe and the Orleans/Somes Bar Fire Safe Council partnered to create a year-round
wildland fire team beginning in 2019 that will be ready to burn during ideal weather conditions as
they arise. Thus, they are expected to increase opportunities to expand cultural burning frequency
and area.

On the Yurok reservation the Tribe and Tribal members have maintained land tenure over
the past three decades, which has enabled some sites to be burned at high frequency. TREX
conducted on the Yurok reservation by the Cultural Fire Management Council developed a
winter/spring season TREX event with a roving burn date dependent upon weather that has
increased their capacity to burn, especially within black oak woodlands. Because black oak is
deciduous, comparatively high sun exposure during the winter months (December - March) often
creates opportunities for highly flammable black oak leaves to dry and successfully burn (Engber
and Varner III 2012; Long et al. 2016). These early season burns also have a reduced risk of
escaping than burns set in fall months (September — November), as nearby coniferous or prairie
habitats retain more moisture and serve as natural firebreaks in the winter.

Because the USDA Forest Service has access to personnel across an extended fire period
than TREX does, they theoretically have greater flexibility to burn on National forest lands when
conditions are ideal. However, USDA Forest Service fire managers often cannot burn under these
conditions because of bureaucratic constraints limiting access to personnel (Quinn-Davidson and
Varner 2012; Schultz et al. 2018; Chapter 6). To overcome these obstacles, discussions are
underway to develop partnerships between National Forests and the Karuk Tribe wildland fire
team to provide additional personnel for the USDA Forest Service when they are under-stafted.
These partnerships have the potential to expand the necessary burning and thinning that can
restore hardwood forests and their socio-economic benefits to California Indians.

Reintroducing prescribed fire into oak woodlands invaded by Douglas fir is complex and
challenging because Douglas fir stands become increasingly fire resilient as they mature. As
Douglas fir individuals mature, they develop thicker bark (Zeibig-Kichas et al. 2016), and their
compact needles have reduced flammability compared with other species (Schwilk and Caprio
2011). In our study region, Odion et al. (2004) found that closed canopy forests dominated by
Douglas fir promoted lower fire severities because of these and other stand characteristics. As a

result, fires did not cause a transition to a pyrogenic hardwood or shrubland ecosystem, but,
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instead, maintained Douglas fir forests. Therefore, once a black oak woodland transitions to
Douglas fir dominated stands, it appears to fit a hysteretic alternative stable state, as the
restoration of a low intensity anthropogenic fire regime alone will not create conditions that
would facilitate a return to a black oak stand (Scheffer and Carpenter 2003; Suding and Hobbs
2009). Removing Douglas fir from encroached black oak stands may be necessary to re-establish
black oak stands and forest landscape mosaics with associated heterogeneity (Cocking et al.
2012).

However, the transition from black oak to Douglas fir in the absence of fire is relatively
slow (e.g., 50 - 75 years; Cocking et al. 2012, Schriver et al. 2018) and is not marked by a rapid
and irreversible threshold (Hughes et al. 2013). While Douglas fir growth is comparatively rapid
in comparison with black oak growth, land managers can identify stands where the transition is
occurring and employ actions to facilitate this transition. Cutting and girdling can eliminate
Douglas fir, and then be followed by a short-interval (every 3 — 5 years) burning regime. In
Quercus garryana stands in Washington State, the removal of Douglas fir overstory trees
improved acorn production and oak growth (Devine and Harrington 2013).

Black oak stands in transition to Douglas fir that experience high severity wildfire may
also be a pathway to black oak restoration. Black oak re-sprouting readily occurs post-wildfire
and in successive wildfires (Cocking et al. 2014; Hammett et al. 2017; Pawlikowski et al. 2019).
However, Nemens et al. (2018) suggest that repeated high severity fire events may not lead to the
development of a mature black oak woodland, while Cocking et al. (2012) found that Douglas fir
encroachment can increase the probability of black oak mortality in a wildfire. The
unpredictability and varying severities of wildfire make reliance on wildfire events an unreliable
management mechanism for maintaining black oak stands. However, after a high severity fire
event that leads to Douglas fir mortality and black oak resprouting, our data shows that repeated
low intensity burning can maintain black oak dominance. Furthermore, as we found in mature
black oak stands in the Klamath mountains, low-intensity burning of mature Quercus garryana
stands in Washington and Oregon has been documented to maintain oak dominance (Tveten and
Fonda 1999; Hamman et al. 2011), and has resulted in minimal Quercus garryana overstory

mortality (Nemens et al. 2019).
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Cultural Burning and Alternative State Forest Stand Dynamics

Our interpretation of oak-fir alternative stable state dynamics identifies Indigenous
cultural fire practices as the central positive-feedback mechanisms that maintains oak woodlands,
and embeds this system within a socio-ecological framework (Walker et al. 2004; Liu et al.
2007). This system contrasts from studies that analyze anthropogenic fire as a negative
perturbation that causes forests to transition to shrub or grasslands (Perry and Enright 2002;
Kitzberger et al. 2012; Innes et al. 2013; Paritsis et al. 2015). While these dynamics are pervasive
in regions where timber and agricultural commodity markets are expanding (Cochrane et al.
1999; Carlson et al. 2012), Indigenous fire regimes do not result in large-scale or high percentage
forest canopy cover reductions (Russell-Smith and Cook 2013; Welch et al. 2013). Indigenous
burning typically is relatively low intensity when compared with anthropogenic burning for
agricultural clearing.

In Australia, an analysis of fire intensity found that Aboriginal low-intensity patch
burning of a fire-sensitive conifer encouraged its persistence compared to a high-intensity
wildfire regime from primarily lightning ignitions and the absence of Indigenous burning
(Trauernicht et al. 2016). Trauernicht et al. (2016) highlight the importance of low intensity
anthropogenic burning to maintain forest stands in areas where high severity fires occur. In
California, Anderson (2018) suggests that Indigenous burning adheres to the intermediate
disturbance hypothesis, and promotes the greatest species richness (i.e. § diversity; Perry et al.
2011). Although intensity is not included in Anderson’s conceptualization, low intensity burning
may be conceived as an intermediate disturbance across a spectrum of fire intensity spanning
from fire exclusion to high intensity wildfire. This intermediate fire intensity appears to be highly
suitable for the enduring subsistence needs of California Indians.

California Indian reliance upon acorns for subsistence (Basgall 1987; McCarthy 1993;
Tushingham and Bettinger 2013), and other ecocultural species that thrive in the understory of
oak woodlands (e.g., California hazelnut; Chapter 4) favored the construction of an oak woodland
ecological niche. Therefore, repeated low-intensity burning and other management activities were
mechanisms for maintaining black oak stands and inhibiting the transition to a Douglas fir
alternative stable state (Huntsinger and McCaffrey 1995; Hunter and Barbour 2001; Cocking et
al. 2012). This mutualistic oak-human relationship likely contributed to a highly heterogeneous
patch mosaic landscape that created co-evolutionary relationships amongst many species
(Lightfoot and Parrish 2009; Bliege Bird et al. 2013; Lightfoot et al. 2013; Codding et al. 2014;
Long et al. 2016).
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The status of oaks as cultural keystone species (Garibaldi and Turner 2004; Platten and
Henfrey 2009) generated a burning regime in California associated with their intentional, long-
term management and imparted epiphenomenal effects on other species including wildlife (e.g.,
birds, rodents, and deer; Long et al. 2016). In Australia, Codding et al. (2014) found that the
positive relationships between Martu Aboriginal burning and fauna abundance (e.g., Kangaroo
and lizards) were not the result of intentional management, but that the fine-grained habitat
heterogeneity that benefits wildlife is an emergent property derived from hunting objectives
achieved through burning. In California, subsistence practices also provide the source of habitat
heterogeneity and pyrodiversity throughout this biome (Martin and Sapsis 1992; Lightfoot and
Parrish 2009). However, the life history of oaks contrast considerably with the fauna that form a
major component of the Martu diet (Bird et al. 2009). Given that oaks are sessile and productive
in maturity (McDonald 1969), the subsistence goals of California Indians encourage oak
maintenance into late maturity (McCarthy 1993). Burning also reduces acorn pest infestations
(Halpern 2016) and increases gathering efficiencies (McCarthy 1993). Furthermore, acorns are
not immediate-return resources in contrast to most fauna; instead, acorns are well suited for long-
term storage.

Such acorn storage properties likely contributed to the development of familial-controlled
foods, sedentism, and usufruct resource rights associated with oak groves throughout the region
(Huntsinger and Diekmann 2010; Tushingham and Bettinger 2013). Therefore, unlike burning for
mobile species, burning for acorns is conducted intentionally and repeatedly in specific locations
to maintain productivity, and thus, is compatible with contemporary conceptualizations of
resource management such as swidden agriculture, and sustainable fishery management (Fowler
and Lepofsky 2011; Lightfoot et al. 2013).

Indigenous burning of oak woodlands, along with other habitats (e.g., prairies) fostered
deep ecological and spiritual ties/relationships between California Indians and these managed
ecosystems. As Long et al. (2016) show, the wildlife benefits associated with oak woodlands
were extensive, and support positive feedbacks and co-evolutionary relationships akin to such
relationships documented between Martu and their prey (Bliege Bird et al. 2013; Codding et al.
2014). Hence, the proximate cause of burning was to enhance acorn quality and gathering, but
had additional benefits for other subsistence activities (e.g., deer hunting). With the removal of
burning across California, these relationships were destabilized and caused transitions to
alternative stable states as well as contributed to trophic cascades with population declines and
species extirpations throughout California (Estes et al. 2011). Of note are predators such as the

Spotted Owl (Strix occidentalis) and the Pacific fisher (Pekania pennanti spp. pacifica) whose
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population declines have been strongly affected by the transition to a timber-based forest
economy (Thomas et al. 2006; Zielinski 2013). Such species’ populations formerly thrived
through the heterogeneity and patch dynamics created and maintained by prescriptive cultural
fires (Thomas et al. 2006; Long et al. 2016; Eyes et al. 2017). The re-introduction of cultural fire
coupled with the fostering of Indigenous subsistence systems (Daigle 2017; Norgaard 2019;
Sowerwine et al. 2019) provides a potential path toward re-constructing these human-oak
relationships as well as populations of other fauna and flora that are dependent on the persistence
of these fires.

The expansion of cultural and prescriptive burning on private and Tribally-owned
properties in Karuk and Yurok territories is a result of protracted advocacy by Tribal members
over decades (Chapter One; Senos et al. 2006; Baldy 2013; Diver 2016). When the resources
associated with TREX became available in 2012, Tribal members, Tribes, and NGOs (e.g.,
Orleans Somes Bar Fire Safe Council, Cultural Fire Management Council) were prepared to
conduct burns, and have become adept at leveraging these resources to increase burning capacity
(Chapter Six; Butler and Goldstein 2010; Spencer et al. 2015; Terence 2016). While motivations
for prescribed burning increasingly are focused upon fuel reduction—largely due to hazardous
fuel accumulation—the cultural, spiritual, and subsistence motivations for cultural fires remain
the major priorities for Karuk and Yurok Tribal communities (Baldy 2018; Norgaard 2019;
Sowerwine et al. 2019).

Karuk Tribal members often describe themselves as ‘Fix-the-world people’ referencing
their annual ceremony called “The World Renewal [which] is a communal ritual that...re-creates
and renews the Earth and the Spirit Beings of the Earth” (Julian Lang in Field 2008: 92). Before
the implementation of fire exclusion policies, a component of the ceremony included ritual
burning of nearby mountains. Hence, burning is critical to repairing the world, and, as outlined by
the Karuk Tribe, a major component of their philosophy is “working to repair and restore the
complex social and ecological systems that make up the Klamath River Basin” (Karuk Tribe
2013). As the Karuk Tribe proposes, re-integrating cultural and subsistence uses into oak
woodland restoration will increase important socio-ecological benefits (Kimmerer 2011; Bliege
Bird and Nimmo 2018). A recent partnership between the Karuk Tribe and the USDA Forest
Service includes black oak and hardwood restoration that integrates forestry techniques with
cultural burning (USDA Forest Service PSW Region 2018). Efforts such as these have
considerable potential to restore black oak dominated woodlands and to revitalize the Indigenous
cultures and communities who historically altered oak densities and distributions through cultural

burning and acorn subsistence.
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CHAPTER 6

Facilitating Fire: Redressing Persistent Prescribed Fire Constraints in Northern California

ABSTRACT

Destructive wildfires in northern California are catalyzing government agencies and
community organizations to embrace prescribed fire to redress hazardous forest fuel
accumulation. Karuk and Yurok American Indian Tribes have advocated for expanding
prescribed burning for decades and are leading innovative forms of fire governance. Through a
case-study of prescribed burning in Karuk and Yurok Indian territories coupled with 75 surveys
and 18 interviews with fire managers across northern California, this study identified material
changes in personnel and policies that are facilitating the expansion of prescribed fires.
Specifically, I identify a shortage of wildland fire teams required to conduct burns along with the
need for additional specialists to plan and prepare environmental reviews for burn areas.
Wildfires and extreme fire weather in other regions of California led authorities to impose
statewide burn bans and to divert wildland fire personnel from conducting prescribed burns in
areas where prescribed burning conditions are ideal. To address chronic underfunding on public
lands and the high costs of burning on privately owned properties, communities and Tribes have
developed decentralized prescribed burn associations, and independent, qualified prescribed fire
teams. Interagency partnerships have also provided supplemental funding and personnel to
support burning across multiple jurisdictions. Increased communication among regulatory bodies,
particularly land management and air quality management agencies, has reduced bureaucratic
constraints in permitting processes. Devolution of burning regulations together with support of
Tribal fire and land sovereignty in areas that have established burning norms and infrastructure,

has potential to accelerate prescribed fire implementation and expansion.
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INTRODUCTION

Wildfires in California and the American West have caused unprecedented property
destruction and human fatalities (Moritz et al. 2014; Kramer et al. 2019). As a result, federal and
state land and fire management agencies have embraced prescribed and cultural burning to reduce
wildfire intensity and rate of spread (Stephens et al. 2016). However, fire exclusion and
suppression policies that initiated in the early 20" century remain persistent and constrain efforts
to expand the pace and scale of prescribed burning in California (North et al. 2015; Schoennagel
et al. 2017; Miller et al. 2020). In the absence of frequent anthropogenic and lightning-ignited
fires, surface fuel loads and tree densities have increased, causing concomitant wildfire severity
increases in the Sierra Nevada and southern Cascade mountains (Miller and Safford 2012; Mallek
et al. 2013). In addition, the increased density of human settlements in forested areas has
contributed to ecological fragmentation, and has produced a complex mosaic of diverse property
owners, and, thus, prescribed fire planning has become increasingly complex with liability
concerns (Hammer et al. 2007; Syphard et al. 2007; Yoder 2008; Joshi et al. 2019). Nevertheless,
communities and fire managers in northern California are successfully expanding prescribed
burning by capitalizing upon changes in federal and state policies, and establishing new
prescribed fire advocacy and implementation organizations. In particular, the Karuk and Yurok
American Indian Tribes have initiated successful efforts to revitalize cultural burning (Harling
2015; Vinyeta and Lynn 2015; Long and Lake 2018) by building polycentric, or inter-
governmental and inter-institutional coalitions to manage fire across complex jurisdictional
boundaries (Ostrom 2010; Kelly et al. 2019).

Here, I use a political ecology framework (Watts and Peet 2004; Robbins 2011) to
examine how governance, land tenure, and resource distribution affect fire policy and the re-
introduction of prescribed burning in northern California. Pyne (1982, 2004, 2016), Simon
(2017), and Davis (1998) have scrutinized the effects of political economy on fire in California
history. My focus here centers on the political ecology of prescribed fire in California Indian
communities and across northern California and my analysis is informed by the effects of settler-

colonialism (Wolfe 2006) and neoliberalism (Harvey 2007) on fire and forest management.
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BACKGROUND

Before the effects of colonialism, California Indians intentionally set fires to reduce
wildfire risks and to sustain critical subsistence and cultural resources, such as acorns and
basketry materials (Anderson 2005; Lightfoot and Parrish 2009). The economy of California
Indians depended upon the frequent and widespread use of fire to enhance local resources
(Lightfoot and Parrish 2009), much like other pre-industrial, non-capitalist societies (Seijo and
Gray 2012; Scherjon et al. 2015). The advent of settler-colonialism wrought death, violence and
forced labor in California Indian communities (Norton 1979; Trafzer and Hyer 1999; Madley
2016), and was connected to a global capitalist system that emphasized commodity-based
relations and wage labor (Marx 1967; Foster 2000; Moore 2015). Foresters trained in Germanic
silviculture and timber production (Scott 1998) believed fire must be eliminated from the
landscape in order to encourage timber regeneration and sustainable profits for the settler state
(Show and Kotok 1924; Pyne 1982; Hudson 2011). This economic and political shift radically
changed the distribution of fire and land ownership throughout California, as California Indian
lands were converted to National Parks and Forests, as well as commercial timber estates and
ranches (Ayres 1958; Spence 2000; Miller 2017).

The professionalization of fire management by the California Department of Forestry and
Fire Protection and the US Forest Service emerged to address the crisis of destructive timber
practices that created an extreme fire hazard with timber slash and residual woody fuels (Clar
1959; Laudenslayer and Darr 1990; Hudson 2011). In 1905, the US Forest Service was created to
regulate the extraction of timber, but the only real regulatory authority the timber lobby initially
allowed the Forest Service was the protection of commercial timber trees from fire (Hudson
2011). Federal and California state agencies successfully reduced fire frequency and extent with
industrial-scale fire suppression that was dependent on a sizable workforce (Clar 1959; Pyne
1982). Ultimately, their management solution to the ecological crisis precipitated by timber
extraction could not effectively eliminate wildfires, and instead produced a second crisis of fire

suppression, or what Mark Hudson conceives as the “crisis of crisis management” (Hudson 2011:

123).

112



Expansion of the Wildland Urban Interface

As the United States situated itself as a core power in the world capitalist system
(Wallerstein 2000), extractive multi-national industries emerged in California (Brechin 2006)
followed by rapid suburban housing construction to accommodate California’s expanding
resident population (Walker 2001; Pincetl 2003). However, since the 1960s, timber extraction
declined as a direct result of over-extraction coupled with global market competition (Prudham
1998; Morgan et al. 2004). In the Sierra Nevada and coastal mountains, real estate and housing
industries purchased post-industrial timber lands and developed them into residential settlements
for retirees, vacationers, and those who were able to work remotely, or willing to commute
(Duane 1999; Walker and Fortmann 2003; Bliss et al. 2010). These areas are called both the
‘Wildland Urban Interface’ (WUI) or ‘exurban’ (Duane 1999; Egan and Luloff 2000; Brenkert-
Smith et al. 2006; Loffler and Steinicke 2006; Larsen et al. 2011; Beebe and Wheeler 2012;
Roberts 2013; Abrams 2016). The WUI is socio-economically diverse; these areas have retained
households who were either formerly or continue to be reliant on the extractive economy or have
entered the service economy, and also attracted retirees on fixed incomes (Walker and Fortmann
2003; Collins 2005; Hiner 2014). Wealthier WUI residents are often referred to as ‘amenity
migrants,” given their affinity toward the privacy and recreational opportunities associated with
residing near public lands (Gosnell and Abrams 2011). Amenity migrants do not rely on the land
for their livelihood and are often considered ‘absentee’ property owners. They also are less likely
to have experience with fire management, and thus, they tend to be apprehensive toward
implementing prescribed fire treatments to reduce hazardous forest fuels (Vogt 2002; Carroll et
al. 2004; Fischer and Charnley 2012; Roberts 2013).

The parcelization and development of areas near surrounding fire-prone national forests
and public lands has caused the fire suppression infrastructure to shift its focus from protecting
commercial timber to protecting residential communities (Calkin et al. 2014; Fischer et al. 2016;
Schoennagel et al. 2017). In 2015, over 50% of the USDA Forest Service budget was spent on
suppressing fires within the WUI, primarily to protect private properties (USDA Forest Service
2015; Schoennagel et al. 2017). In contrast, spending for local fire protection services in
California WUI areas declined with the 1978 passage of Proposition 13, which reduced parcel
taxation and, in turn, local government revenues (Simon and Dooling 2013; Simon 2014).
Increasing parcel fragmentation and limited property tax revenues have created an increasingly
difficult land-ownership mosaic to coordinate and to implement hazardous fuel mitigation

(Paveglio et al. 2009; Fischer and Charnley 2012; Fischer et al. 2016).
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From an American Indian perspective, the subversion of Tribal land sovereignty through
Forest Service dispossession and federal and state fire exclusion policies placed the responsibility
of increased wildfire risk overwhelmingly on capitalist and state actors (Huntsinger and
McCaffrey 1995; Mason et al. 2012; Lake et al. 2017; Norgaard 2019). The expansion of the
WUI by the real estate industry and the state persistently erases and renders the history of
California Indian land tenure and use invisible (Middleton 2015). Through their ability to raise
capital from their gaming industries’ revenues and their organized efforts to regain land through
land trusts, conservation easements, and purchases (Middleton 2011), Tribes have increasingly
acquired power and political influence in California. Since Clinton’s 1994 executive order, the
implementation of Federal-American Indian consultation within federal planning processes also
created opportunities for recognized Tribes to influence fire and land management (Dockry et al.
2017; Long et al. 2018b). However, Tribal members as well as low-income communities in rural
areas and the WUI remain disproportionately exposed to wildfire hazards in the American West

(Collins 2008; Davies et al. 2018).

Wildfire Policy and Prescribed Burning

To address the increasing threat of wildfire to the WUI, US Congress passed the Healthy
Forests Restoration Act (HFRA) in 2003 to increase hazardous fuel reduction activities including
prescribed burning (Davis 2004; Steelman and Burke 2007). This legislation categorically
excluded some fuel reduction projects from environmental assessments and environmental impact
statements under the National Environmental Policy Act (NEPA) and limited opportunities to
appeal projects (Davis 2004). Yet, the HFRA also promoted community-based, collaborative
decision making to plan and to conduct these fuel treatments through Community Wildfire
Protection Plans (Jakes et al. 2011). The HFRA also transferred considerable funds for fuel
reduction and prescribed burning toward private stewardship contracts as opposed to increasing
government personnel for these projects (Steelman and Burke 2007; Moseley and Charnley
2014). Notably, the focus of prescribed fire use in the HFRA is oriented toward the protection of
homes in the WUI, and thus, may serve to discount ecological and cultural objectives for
prescribed burns of central importance to Tribes and environmental NGOs (Steelman and Burke
2007; Long et al. 2018b).

In Karuk Tribal territory, an HFRA project initiated by the Six Rivers National Forest
called the Orleans Community Fuels Reduction Project went through public scoping and multiple
environmental reviews beginning in 2006 (USDA Forest Service 2008). The Forest Service

attempted to collaborate and consult with NGOs and the Karuk Tribe to develop a plan to reduce
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hazardous fuels by thinning trees and conducting prescribed burns (USDA Forest Service 2008).
While the Tribe and community organizations advocated for actions based on proposals in the
Orleans-Somes Bar community wildfire protection plan, the Forest Service initiated a plan that
was eventually halted because a private timber contractor destroyed Karuk ceremonial trails and
removed excess timber to offset the costs of fuel reduction treatments (Scott-Goforth 2013; Tripp
2019).

McCarthy (2005) argues that policy changes such as the HFRA are indicative of
neoliberal policies in American governance that downsize government spending, privatize
services formerly conducted by the state, and eliminate regulatory protections. Neoliberalism is a
form of market fundamentalism favored by capitalists to re-enter and liberalize markets that, in
the United States, had been highly regulated until the 1980 election of President Reagan (Harvey
2007). Hence, the deregulation and privatization of hazardous fuel reduction in the HFRA was
viewed by environmentalists as a strategic move by the timber industry—under the guise of
wildfire risk reduction—to re-enter public lands after years of environmental protections (e.g.,
NEPA of 1970, the National Forests Management Act of 1976, and the North West Forest Plan of
1994) had reduced the availability, commercial stocks, and profitability of timber extraction
(Hibbard and Madsen 2003; Davis 2004). Environmental NGOs (e.g., the Wilderness Society,
Sierra Club, and others) thought the timber industry would use hazardous fuel reduction and the
HFRA to thin forests and extract profitable timber trees that had ecological importance (Hibbard
and Madsen 2003; Davis 2004).

The implementation of the HFRA has lacked sufficient government oversight and
documentation (Steelman and Burke 2007). However, the community wildfire protection
planning component of this law has, in some cases, expanded prescribed burning and
decentralized resource governance (Fleeger 2008; Williams et al. 2012; Jakes and Sturtevant
2013). Additionally, the stewardship contracting component of the HFRA has also supported
NGOs and private contractors to complete restorative projects (Fleeger 2008; Jakes et al. 2011).
However, whether hazardous fuel reduction is outsourced or conducted by state employees, the
efficacy of these projects has been questioned because of their relatively poor labor standards,
and inattentiveness to ecological principles (Roberts 2013). Empirical studies have demonstrated
that if mechanical treatments are initially used, they should be followed by repeated prescribed
burning to maintain reduced fuel loads (Collins et al. 2010). However, the implementation of
prescribed burning in California has been far less prevalent than mechanical treatments (Vaillant

and Reinhardt 2017; Kolden 2019).

115



In addition to the HFRA, the federal government has developed other initiatives that
emphasize collaborative efforts to restore prescribed burning and promote wildfire resilience. The
Tribal Forest Protection Act of 2004 allowed Tribes to propose collaborative fuel reduction
projects with the Forest Service on Forest Service lands (Lucero and Tamez 2017). However, few
projects have been implemented due to limited Tribal capacity and, in contrast to the HFRA, the
TFPA legislation did not appropriate funds for developed projects (Lucero and Tamez 2017). The
USDA has also sponsored multi-jurisdictional collaborative fire restoration projects through
funds such as the Collaborative Forest Landscape Restoration Program (CFLRP) in 2010 and the
Joint Chiefs Landscape Restoration Program (JCLRP) in 2014 that have been most successful
where community organization has been strong (Butler 2013; Kelly et al. 2019; Cyphers and
Schultz 2019). The Fire Learning Network (FLN) was initiated in 2002, and this program is led
by the Nature Conservancy and supported by the Forest Service and Department of Interior. The
FLN funds collaborative fire planning and prescribed fire TRaining EXchanges (TREX) to
increase community capacity for prescribed fire expansion (Butler and Goldstein 2010; Spencer
et al. 2015). FLN engagement has prepared participating communities to receive additional
support from the CLRFP and JCLRP (Butler and Goldstein 2010), and develop decentralized
burning networks such as the Indigenous Peoples Burning Network and the Humboldt Prescribed
Burn Association in northwest California (Robbins et al. 2016; Crowder 2019).

In California, several additional state initiatives aim to support community-based fire
planning and restoration (Ganz et al. 2007; Everett and Fuller 2011; Manning and Reed 2019).
The California Department of Forestry and Fire Protection (CAL FIRE) developed the California
Fire Safe Council in 1993 that eventually became an independent non-governmental organization
(NGO) supporting community-based Fire Safe Councils (FSCs) throughout the state (Everett and
Fuller 2011). FSCs typically educate community members on defensible space, and also may
conduct larger-scale fire planning and hazardous fuel reduction (Ganz et al. 2007; Everett and
Fuller 2011). In 2018, CAL FIRE also initiated the Forest Health Grant Program using funds
from the state cap and trade carbon market under the California Air Resources Board (AB32;
Blanchard & Vira 2017; Manning & Reed 2019). This CAL FIRE grant program has been used to
fund prescribed fire projects across multiple jurisdictions. In addition, CAL FIRE staff conduct
CAL FIRE’s Vegetation Management Program, and directly supports fuel reduction projects on
private lands by partnering with landowners. However, treated areas declined by 65% (3356 ha
year™) in the late 1990s and 2000s because of an increasing priority on fire protection and

suppression (Scanlon and Quinn-Davidson 2019).
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In 2009, Quinn-Davidson & Varner (2012) conducted a survey of 70 northern California
fire managers to evaluate their perceived impediments to implement and expand prescribed
burning. They found that managers rated a narrow burn window—or political and ecoclimatic
conditions that limit prescribed burning, environmental and air quality regulations, and paucity of
trained personnel to conduct burns, as the major constraints to expand prescribed fire in northern
California. Since Quinn-Davidson & Varner’s 2009 survey was conducted, the Fire Learning
Network established a strong presence in northern California, and the aforementioned federal and
state programs were implemented (e.g., CFLRP, JCLRP, CAL FIRE Forest Health Grants).
Moreover, considerable progress with both grass-roots and California Indian organizing has
helped establish many partnerships with state and federal agencies to support prescribed fire
expansion (Harling 2015; Vinyeta and Lynn 2015; Crowder 2019).

In this study, I asked managers what they believed could materially or politically reduce
constraints for expanding prescribed burns that were identified in Quinn-Davidson & Varner’s
study (2012), and also to evaluate whether partnerships and certain actions were facilitating
prescribed fire expansion. Here, I examine a dataset of interviews and surveys with northern
California fire managers as well as case-study observations from prescribed fires in the Klamath
mountains of northwest California with the aim to assess factors that potentially facilitate or
constrain the expansion of prescribed fire throughout northern California. Through interviews,
surveys, and participant observations, | asked managers to share what actions were undertaken to
implement prescribed burns as well as what specific changes in personnel (labor) and regulatory
frameworks would allow them to expand these burns. While several studies inform this study
(Biswell 1999; Quinn-Davidson and Varner 2012; Schultz et al. 2018; Miller et al. 2020), here 1
distinctively use a political ecology framework and Indigenous perspectives to re-evaluate the

status of prescribed burning in California.

METHODS

Study Region

For the purposes of this study, northern California was defined as all counties north of
Marin, Sonoma, Napa, Solano, Sacramento and El Dorado counties to the Oregon border
(136,318 km?). The region has a Mediterranean climate, with wet winters and dry summers with a
north-south and west-east gradient of decreasing precipitation, as well as an elevational gradient
of increased precipitation (van Wagtendonk et al. 2018). The numerous mountain ranges,

including the coastal range, Klamath mountains, Cascade mountains and the Sierra Nevada
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mountains produce exceptional ecological and climatological diversity. Prescribed burning
usually occurs during seasons of transition (dry-wet) when fuel moistures are between ~8% and
15%, typically in spring and fall (Biswell 1999). Counties in the Sacramento and the San
Francisco Bay Areas are the most densely populated areas in this region, with other cities in
Shasta (Redding), Butte (Chico), and Humboldt (Eureka) counties. National Forests and Parks
encompass 35% of the regional area (47,176 km?).

Interviews, Surveys, and Prescribed Fire Observations

From 2014 — 2019, I observed prescribed fire planning and implementation in Karuk and
Yurok Indian territories within the Klamath River watershed of northern California. My
observations of prescribed fire planning occurred at 13 Cultural Fire Management Council
meetings that are open to community members in and around Weitchpec, California, a village on
the Yurok reservation. At these meetings, I transcribed interactions and developed relationships
with leaders of the organization. Planning also occurred during prescribed fire training exchanges,
where I observed the logistical decision process to implement burns. Participatory observations
were conducted during prescribed burning at the Yurok (2015 —2019; n = 8) and Klamath (2016
—2019; n = 4) prescribed fire training exchanges. During these events, I also inquired and
discussed decisions made with fire managers and participants who conducted burns. I also spoke
with managers about specific prescribed burns conducted by the USDA Forest Service on the
Klamath and Six Rivers National Forests.

I conducted semi-structured interviews with 18 fire managers from prescribed fire
training exchanges in the Klamath watershed, and with fire managers who responded to an online
survey. These online surveys were developed using Qualtrics surveying software (Qualtrics
International, Inc., Provo, Utah) and then distributed in February - March, 2019 to 190 fire
managers employed by the USDA Forest Service, National Park Service, Bureau of Land
Management, US Fish and Wildlife Service, US Natural Resource and Conservation Service, the
California Department of Forestry and Fire Protection (CAL FIRE), California Fire Safe
Councils, and Tribes in 26 Northern California counties. Managers are defined here as individuals
who plan and supervise prescribed burning as opposed to those who only conduct burns.
Therefore, managers included those at multiple levels of organizational hierarchies. Participant
contact information was collected from National Forest Schedule of Proposed Action reports and
prescribed fire announcements, as well as from agency or organizational databases, and directly
from regional fire managers employed by various agencies. This online survey was developed

from previous in-depth interviews with fire managers, and included questions on what facilitated
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the expansion in area and frequency of prescribed burns as well as their perceived constraints
(Appendix A). To analyze these data, I generated descriptive statistics, and used a grounded

theory approach to inductively code survey and interview responses (Glaser and Strauss 2017).

RESULTS

Klamath Watershed Case Study

Leadership by Karuk and Yurok Tribal members has been instrumental to expanding
cultural and prescribed burning in California’s Klamath watershed. Compared with prescribed
burns, cultural burns reflect Indigenous objectives to enhance culturally-important species, such
as acorns and basketry materials, and habitats (which include meadows and oak woodlands for
deer and elk). Tribal leaders strongly articulate the relationships among commercial timber
extraction practices, fire suppression policies, and the production of the wildfire crisis. Both in
interviews and in public settings, these leaders consistently posit that cultural burning and Tribal
sovereignty over ancestral territory are solutions to this crisis. The promotion of cultural burning
has helped establish regional partnerships and plans with cultural burning as a key restoration
priority.

Tribal fire managers express that they have overwhelming support for expanding cultural
burning in the region, which is reflective of the vital role it plays in northern Californian
Indigenous culture. Margo Robbins, the President of the Cultural Fire Management Council
(CFMC) that leads cultural burning on the Yurok reservation, tells the story of how a 2012
grassroots survey of residents in the southeastern portion of the Yurok reservation identified
expanding cultural burning as the highest priority for the community, which led to the creation of
the CFMC. Fire managers in the region also identify that there is more demand for cultural burns
on privately owned properties that they can provide, and that they do not sense opposition to
cultural burning from residents. Given that many property owners in this region cannot obtain fire
insurance, they feel that they must reduce risks on their own, and prescribed burning is an
effective means to do so. The success of initial prescribed burns has garnered managers enhanced

‘social license’ and public support to expand the practice.
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Expanding Prescribed Fire Capacity

The Karuk Tribe’s Department of Natural Resources (Karuk DNR) has invested and
raised considerable financial resources and has initiated numerous partnerships with non-
governmental and governmental agencies to plan and implement cultural burns on land under
federal jurisdiction, as well as private and Tribally-owned properties. Specifically, Karuk DNR
has partnered with the Orleans Somes Bar Fire Safe Council (OSBFSC) to coordinate the
Western Klamath Restoration Partnership, which is working to expand cultural burning within
ancestral Karuk territory under the jurisdiction of the USDA Forest Service. In 2018, the
Partnership completed the NEPA review process on a pilot project to burn ~2250 ha. The CFMC
partners with the Yurok Tribal government, non-governmental organizations, and the California
Department of Forestry and Fire Protection (CAL FIRE) to conduct cultural fires on the Yurok
reservation. The Fire Learning Network and Prescribed Fire Training Exchanges (TREX), each
coordinated by the Nature Conservancy, have provided critical initial funding and resources for
the CFMC and Karuk DNR to initiate partnerships and conduct burns.

TREX initially brought personnel to the region with the necessary qualifications to
conduct cultural burns because the Karuk DNR, CFMC and the OSBFSC did not have expertise
recognized by the federal or state governments to conduct burns independently. CAL FIRE has
not granted permits for cultural burns without burn plans (developed by specialists, such as burn
bosses and registered foresters) that typically require > 20 qualified personnel during the burns,
depending on the burn area. Recently, TREX has helped train local staff and residents to increase
their qualifications to support future prescribed burning expansion.

Karuk DNR and CFMC have leveraged TREX and Fire Learning Network resources to
raise additional funds from CAL FIRE, the Humboldt County Area Foundation, the National
Wildfire Coordinating Group, the Bureau of Indian Affairs, and many others. These funds have
allowed Karuk DNR to bolster the staff and qualifications of their wildland fire department, and
in partnership with the OSBFSC, establish a year-round prescribed fire team and acquire
necessary equipment (e.g., engines) to conduct prescribed burns. The CFMC also facilitated the
hiring of additional personnel within the Yurok wildland fire department to augment their
qualifications and ability to plan and conduct cultural burns independently.

The increase in staffing has strengthened capacity and expanded prescribed and cultural
burning in the region, however, managers believe it is still insufficient, and additional funds are
necessary. The regional cost of preparing privately-owned fire-excluded sites for prescribed
burning is between $1500 - $2500/acre ($600 - $1000/ha; N. Bailey, pers. com., 2018) and
prescribed burning is ~$3800/acre ($1520/ha; E. Darragh, pers. com., 2019) based upon wages in
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FY 2018. Observed burns, on average, used 23 personnel, and spent 41 — 65 personnel hours per
hectare burned (Table 1). Costs would decrease as burn area expands and sites are repeatedly
treated, but it is a relatively heterogenous geographical region and state and federal investment

has not been provided at scale.

Regulatory and Budget Constraints

Obtaining air quality permits in this region has not been difficult because it is both
relatively remote from high density population centers, and Tribes, NGOs and the Forest Service
have good relationships with the North Coast Air Quality Management District. However, local,
state and region-wide burn bans have prevented prescribed burning from occurring in the
Klamath basin during optimal prescribed fire conditions from 2016 —2019. The Humboldt-Del
Norte CAL FIRE Unit revoked a permit for the Yurok TREX in 2016 because they considered
conditions to be too risky. In 2017 and 2018, large wildfires in other areas prompted the USDA
Forest Service and CAL FIRE to shut down burning throughout the state. In 2019, an escaped
prescribed fire in the El Dorado National Forest in the Sierra Nevada prompted the USDA Forest
Service to ban ignitions in other National Forests, which effectively prevented the Klamath River
TREX, organized by Karuk DNR and OSBFSC, from burning for a week. These centralized
decisions are especially demoralizing for TREX because they convene volunteer fire
professionals from around the world who are working to increase their skills and qualifications
for a 1 — 2 week period established months in advance. Thus, to have excellent burning conditions
met with the revocation of permits has been quite frustrating for participants and leaders who
have invested considerable time and funds to conduct prescribed burns. Officials within state and
federal management agencies relay to local fire managers that allowing prescribed burns while
wildfires burn elsewhere could create misperceptions that the government is not doing enough to
protect homes and built infrastructure.

The USDA Forest Service has flexibility to burn throughout the year, however, upper
management often limits burning because of insufficient personnel or funds to conduct prescribed
burns. The Forest Service typically requires that contingency fire engines and personnel are made
available during burns to reduce risk. As a matter of practice, these engines are less likely to be
available if there is a wildfire burning elsewhere, or if there was an arduous wildfire season
preceding the fall prescribed burning season. Additionally, the fall prescribed burning season
typically occurs at the onset of the fiscal year (October 1), and upper management are reportedly
hesitant to allocate funds for prescribed burning if they anticipate a budget shortfall. Because of

the long hours required to prepare and monitor a burn to ensure it does not escape, prescribed
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burning also typically requires that staff receive overtime pay. Overtime pay must be pre-
approved for prescribed burns, which is another bureaucratic obstacle for prescribed burning in
the region.

Some Forest Service managers speculate that National Forests that garner relatively high
timber sale revenues also have more unrestricted monies to use for prescribed burning. Thus,
National Forests with community opposition to extraction, or relatively larger ‘Late Successional
Reserves’ established under the Northwest Forest Plan for Spotted Owl protection, can be at a
budgetary disadvantage to conduct prescribed burns. Furthermore, Forest Service and Tribal
managers are frustrated with what has become a management focus on a single species, as
opposed to the importance of prescribed and cultural fire to enhance overall ecosystem
functionality for multiple species and Indigenous cultures negatively-effected by timber-based
management.

Tribal and Forest Service managers report that some environmental organizations and
wildlife biologists employed by the Forest Service are opposed to human intervention in forest
management, including cultural burning, which encumbers the National Environmental Policy
Act (NEPA) planning process. Some forest managers also become more risk-averse toward
integrating burning into forest management because of this highly scrutinized process. This
contentious political context and the understaffing of environmental specialists can cause the
process to require two or more years to receive approval for burning on National Forest lands.
However, as one Forest Service manager stated: “You can have all the NEPA in the world, but if
you can't obtain funding and/or there are no resources like hand crews and engines to burn
because they are off fighting fire, or are too tired from a long season, then the program is not

effective”.
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Indigenous Fire Governance

Outside of Tribal and government agencies, the Indigenous Peoples Burning Network
(IPBN) is a new inter-tribal grassroots formation receiving support from the Fire Learning
Network. One of their main goals is to support family-based burning for fuel reduction and fire-
enhanced eco-cultural species. Families cooperatively support each other to burn on their land,
and have access to equipment from the CFMC. Leaders in the IPBN say that this form of
decentralized burning reflects traditional governance of land and fire, and is a way to assert Tribal
and familial sovereignty. However, this model has been more effective at conducting burns in
Yurok territory where Tribal members still retain property or allotments on the reservation. In
Karuk territory, there are fewer lands that remain under Indigenous ownership, and most resource
tracts remain under the authority of the Forest Service. Hence, the IPBN model is less effective in

areas with relatively greater Tribal land dispossession

Table 8. Average Personnel Hours and Fuel Used by Prescribed Burn Managers by
Affiliation in the Klamath Watershed. Personnel hours were calculated by multiplying the time
spent at a burn site by the total personnel conducting the burn. Personnel included all staff
including burn bosses and wildland fire crews. USDA Forest Service (USFS) burns were
conducted on the Klamath and Six Rivers National Forests in 2017. Prescribed Fire Training
Exchange (TREX) burns were observed from 2017 —2019. Standard errors (=) shown in
parenthesis.

Burn Personnel Personnel Personnel Fuel

Affiliation 5 ea (ha) (individuals)  (hr) hrha'  (Lha®)

USFS(n=7) 12.6(8.0) 23.1(46) 2228 (7L.1) 40.5(4.5) 17.0(2.3)

TREX (n=19) 7.0(22) 23.7(1.3) 213.2(39.8) 64.8(13.1) 17.8(2.6)
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Prescribed Fire Expansion Across Northern California

Interagency Partnerships

Of 190 email and phone requests, 75 managers were surveyed and/or interviewed,
producing a 40% response rate. These managers spanned nine national forests, the Pacific
Southwest Forest Service regional office, Redwood National Park, Whiskeytown National
Recreation Area, five CAL FIRE units, eight fire safe councils, four Tribes, the USDA Natural
Resource Conservation Service and California State Parks (Fig. 1). Throughout northern
California, fire managers are frustrated with the slow expansion of prescribed fire. Concerted
efforts by managers have produced only marginal improvements in achieving local prescribed
burn targets and objectives. Since 2013, 71% of managers stated that they have made progress
toward increasing the annual area receiving prescribed burning treatments. The formation of
interagency partnerships was viewed by managers as the most effective action to increase
prescribed burning area (Fig. 2), as over 50% of managers reported that these interagency
partnerships assisted them to surmount funding, personnel, and equipment limitations (Table 2).
Partnerships between government agencies and NGOs particularly assisted managers in gaining
support from local residents. Other important management actions included: 1) increasing agency
capacity by hiring additional staff; 2) enhancing the qualifications of existing staff; and, 3)
proactively planning and implementing burns (Fig. 2).

Interagency partnerships also helped surmount bureaucratic bottlenecks and navigate
differences regarding smoke permitting. Public land agencies began to meet with the California
Air Resources Board (CARB) as the Interagency Air and Smoke Council (IASC) in the late
1990s to reduce citations and fines and establish improved communication to clarify land
manager objectives and streamline processes. A product of this regional leadership was the
creation of the Prescribed Fire Information Reporting System, which provides a mechanism for
communicating directly between air regulators and fire managers. All federal fire managers
surveyed stated that air quality permitting had either improved or had not changed since 2013,
reflecting these efforts to improve communication at the regional level. Individual managers
shared that bringing local air quality managers to prescribed fires and sending them photos of
smoke columns helped open positive lines of communication. However, amongst NGOs and CAL
FIRE managers, 41% stated that air quality permitting had declined in the same period. CAL
FIRE and NGOs have been minimally involved in the IASC until recently, and in some regions
(e.g., near urban areas), local Air Quality Management Districts remain apprehensive toward

additional emissions from prescribed fires, and impose cost prohibitive fees on prescribed fires.
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Thirty percent of managers identified that changing air quality regulations in the Clean Air Act to
exempt smoke from prescribed burns as a priority and would effectively prevent regulatory
discrepancies between different air quality management districts. Recent large wildfire events,
however, have shifted the conversation, and air quality managers are seeing the benefit of
prescribed burning to reduce wildfire smoke emissions.

Managers also recognize that some rural and WUI residents are inexperienced with
prescribed burning resulting from the legacy and persistence of the Forest Service’s Smokey Bear
campaign messaging and the transition to recreational and vacation land uses. This presents
another challenge toward the widespread adoption of prescribed fire. However, Fire Safe
Councils (FSCs) are a venue for communities to prepare for wildfire through prescribed burning,
and have done considerable public outreach on the importance of prescribed burning and
defensible space. Across all managers, 41% believed public concerns toward prescribed burning
had improved, whereas only 18% thought they had declined. However, one FSC leader noted
that: “The people who aren’t here year round don’t like to participate [in the FSC]. Most think
that the more trees there are the better, so to explain to them that they need to thin and burn the
trees is tough”. Furthermore, most FSCs are volunteer-run and do not have paid staff. Hence, the
complex permitting requirements, liability issues, and associated costs of prescribed burning
present challenges for Fire Safe Councils to organize burns.

Those FSCs that have the infrastructure for staff, like the Plumas County Fire Safe
Council, have recently initiated prescribed burns and created positive partnerships with public
land agencies. FSCs that do not lead burns themselves are excellent vehicles for communicating
the benefits of agency-led prescribed burning, and have helped plan prescribed fire treatments on
national forest lands. Over 50% of all public land managers interviewed stated that community
collaborations supported with public outreach, and only 26% of all managers felt that private
properties discouraged the planning of prescribed burns ‘most of the time’. Additionally, although
not directly asked about public outreach, two public land fire managers shared that a greater
investment in hiring public information officers would improve communication with residents in

the wildland-urban interface to promote greater acceptance of prescribed burning.

Wildfire Suppression

While wildfires have increased awareness of the importance of prescribed burning, they
have also prevented managers from burning by reducing available personnel. Managers identified
‘wildfires reducing available personnel’ as the top constraint limiting their opportunity to burn, or

‘burn window’ (Fig. 3). In northern California, burn conditions are often ideal when southern
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California is experiencing wildfires, and personnel are requested to support in suppression efforts.
However, as one manager noted: “Quite often we have to be on stand-by because there is a fire
that doesn’t even exist. This is preventing us from burning”. Hence, in the fall burning season,
northern California prescribed fire teams are unable to burn because agency leaders would like
them to be available for relocation if a wildfire occurs. However, many managers also concede
that the fire season has expanded with climatic changes, which also limits their access to wildland
fire crews to conduct burns.

Managers recognized that an institutional culture of risk aversion is another major
constraint to their burn window (Fig. 3) that comes from upper managers who fear potential
political liabilities that may occur either from escaped fires or burning during large wildfires.
“[The] current forest supervisor comes from the old timber mind set and has been known to be
risk averse to burning”. Hence, lower-level managers are pulled in different directions by rhetoric
coming from the regional or national level that supports prescribed burning, and the apprehension
of national forest supervisors or CAL FIRE unit chiefs who must deal with complex political
realities. CAL FIRE, for example, has only recently re-embraced prescribed burning as an
important strategy under the leadership of director Ken Pimlott (2010 - 2018). As one CAL FIRE
manager stated, “In the 2000s, when we got away from large scale broadcast burns, we brought
on a lot of firefighters, and many of those folks are now battalion chiefs and leadership. So, they
may not have participated in [prescribed fire] projects”. The fire suppression culture that was

fostered for decades has made many leaders uncomfortable and unfamiliar with prescribed fire.

Personnel and Funding Requirements

The greatest staffing needs for fire managers are trained wildland fire crews who can
conduct and prepare areas for prescribed burns. Managers consistently ranked these crews as the
most beneficial means to expand prescribed burning capacity, and managers ranked hiring
personnel to implement burns highest amongst all categories to increase financial resources (Fig.
4). As one manager stated, “There is going to be a workforce shortage to accomplish the acres
needed to be treated. California will need a guest worker program or a civilian work program.
State Parks will need more funding to treat more acres. Our burn budget has been stagnant for
decades”. In the past three years, CAL FIRE has hired ten additional crews to reduce fuels and
conduct prescribed burns. Managers felt that this was a promising development, however, in the

National Forests, these crews are woefully insufficient despite the recognized need.
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Managers also expressed that understaffing of environmental planners and cultural
resource or other specialists who help conduct NEPA and California Environmental Quality Act
(CEQA) reviews and studies for proposed prescribed burning slows their ability to burn. For CAL
FIRE projects, CEQA review is required, and few specialists are available to support with the
necessary evaluations. Across all jurisdictions, the major constraint remains sufficient cultural
resource specialists to conduct archaeological reviews, followed by environmental planners to
coordinate and evaluate project effects on wildlife and other species. One manager stated that:
“Recruitment of specialists to rural areas is difficult. Retention is also difficult due to heavy
workloads and lack of support”. Another manager noted that there can be political disagreements
between fire managers and specialists, which can stall or prevent projects from moving forward:
“they hold up projects and put on so many design criteria to make it super challenging to get our
work done”.

When asked about supportive changes to law and policy to expand prescribed fire, the
most frequently suggested change identified by 32% of managers was to reform NEPA and
CEQA. One manager believed a recent change to NEPA enacted in the 2018 Consolidated
Appropriations Act of the US Congress would be beneficial as it allows wildfire resiliency
projects to be categorically excluded from environmental review. Other managers believed that
California legislation in 2018 that exempted certain fuel reduction projects from additional CEQA
review (e.g., those already reviewed under NEPA), held promise for streamlining prescribed
burning. However, some CAL FIRE managers are skeptical that these changes will be effective
without increased staffing because other CAL FIRE policies remain that require internal reviews,
which require similar labor.

Many managers sense that fire policies are changing primarily as a consequence of the
devastating wildfires in northern California in 2017 and 2018, but they report that they are
stymied from substantial progress without increased funding. Within the federal agencies, some
believe that the changes in wildfire suppression funding from the 2018 consolidated
appropriations act will provide additional funds for prescribed burning. Yet, 72% observed that
their budgets have been either stagnant or in decline. Hence, managers have sought to supplement
resources to advance their projects. If their unit or forest has limited internal funds, they have
applied for funding from national or regional sources or have collaborated with NGOs to apply
for new CAL FIRE grants funded through the carbon offset market. In some jurisdictions, new

county taxes are creating financial sources of support for managers as well.
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Decentralizing Prescribed Burning

Managers who work on prescribed burning on private lands see the emergence of
prescribed burn associations as an important cooperative effort given the additional regulatory
burdens if projects receive state funding and liability coverage. The University of California
Cooperative Extension and Northern California Prescribed Fire Council have supported the
formation of a successful prescribed burn association among ranchers in central and southern
Humboldt County that has prompted interest in the model from other managers throughout the
region. To support such independent burning initiatives and to encourage the expansion of
prescribed burning, managers believe that liability laws for authorized burners (e.g., property
owners and burn bosses) should shift from simple to gross negligence, and that the state should
facilitate the procurement of insurance for such prescribed fire associations. Furthermore,
managers feel that those who participate in prescribed burning should not be required to receive
qualifications through the state or federal certification systems, which are oriented toward
training paid professionals to conduct wildfire suppression. They propose that the state adopt an
alternative standard and system to increase the accessibility and inclusivity of prescribed burning
for volunteers and community members. In this way, burning may become less a practice solely
of government-sanctioned ‘experts’ and integrated into the management repertoire of private
landowners throughout northern California.

Much of the advocacy for prescribed fire regulatory changes originates from the Northern
California Prescribed Fire Council, which was established in 2009 by NGOs and professional fire
managers to create a forum for managers and property owners to exchange information, practices,
and advocate for prescribed burning. This network has provided recommended language for
legislative changes to facilitate prescribed fire expansion and has shared best practices and advice

for fire managers throughout the region.
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Figure 28. Affiliation of Fire Managers Who Participated in Surveys and Interviews.
A total of 75 fire managers participated from 2016 —2019.
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Partnerships
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Increasing Capacity
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3%

Figure 29. Effective Actions That Increased Prescribed Burning in Northern
California. Fire managers were asked to identify their top three actions they took to
increase prescribed burning in their agency, organization, or Tribe. Their responses
were coded and then summed.
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Figure 30. Top Three Budget Items to Increase Financial Resources Allocated to
Prescribed Fire Expansion. Fire managers were asked to rank the top three budget
items they would increase financial resources toward to expand prescribed burn area,
and their responses were summed. Other items included National Environmental
Policy Act specialists, public education, and specific equipment needs (e.g., vehicles).
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Figure 31. Top Three Burn Window Constraints. Fire managers were asked to rank
the top three constraints to their agency’s burn window, and their responses were
summed. Other responses included National Environmental Policy Act procedures,
ecological objectives and endangered species, limited available contractors and
specialists, and air quality permits.

132




Table 9. Agency/Organization Participation in Collaborative Prescribed Fire Programs.
Managers were asked if their agency or organization participated in these collaborative programs.
‘Other’ programs in this category included the California Deer Association (5%), and a variety of
other local programs, such as the Sierra Nevada Conservancy, the USDA Natural Resource
Conservation Service Environmental Quality Incentives Program, and local fire departments.

Collaborative Prescribed Fire Program Agency Participation
(%)

Prescribed Fire Training Exchanges (TREX) 64

CAL FIRE programs 63

California Fire Safe Council 41

Joint Chiefs Landscape Restoration Partnership 20

Tribal Forest Protection Act 9

California Department of Fish and Wildlife 7

Other 32
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DISCUSSION

Interagency Collaborations

Interagency and inter-governmental collaboration to initiate prescribed burning have
established systems of polycentric governance to address the pernicious issue of wildfire risk in
northern California (Kelly et al. 2019; Crowder 2019). Diverse government agencies within State,
Federal, and Tribal government are collaborating with NGOs to create a fire culture that
embraces active anthropogenic ignitions, and leverages resources and capacities to expand
prescribed burning. These diverse partnerships occur through two complementary efforts on
private, Tribal, and public lands. The first initiative aims to train and hire professionals to
implement and plan prescribed burns, and the second initiative serves to educate and empower
property owners and community members to cooperatively support burning on privately owned
parcels. The federal Joint Chiefs Partnership, the Collaborative Forest Landscape Restoration
Program, CAL FIRE Forest Health Grant Program, and Fire Learning Network programs all
demonstrate that with additional resources, prescribed burning can expand in both applied area
and frequency (Butler and Goldstein 2010; Butler 2013; Spencer et al. 2015; Kelly et al. 2019;
Schultz and Moseley 2019).

These findings concur with those from recent studies on the constraints to prescribed fire
in northern California and the American West (Quinn-Davidson and Varner 2012; Schultz et al.
2018; Miller et al. 2020). In particular, agencies require sufficient and sustained funding to hire
personnel to meet their prescribed fire objectives, while effective collaborations among federal
land management agencies and air quality regulators have been successful at advancing
prescribed fire objectives throughout the American West (Schultz et al. 2018; Miller et al. 2020).
Coordination between the California Air Resources Board and federal agencies shows that
establishing communication protocol can support prescribed burning, and facilitate flexible
permitting (Ahuja and Proctor 2018). Additionally, the positive communication fostered between
Fire Safe Councils and the North Coast Air Quality Management District also illustrates that
relatively small local organizations with limited resources can streamline air quality permitting
processes. These results also corroborate findings from Schultz et al. (2018) that the landscape of
constraints and facilitators to prescribed burning is quite diverse, and successful implementation
may depend on collaborative leadership from both residents and fire managers. Coordination
between public land managers and NGOs through Fire Safe Councils has served to reduce public

concerns toward prescribed burning. Investing in communication to WUI residents may serve to
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reduce their apprehension associated with prescribed fire and, in turn, minimize the politically-
associated risk aversion of upper managers.

These forms of polycentric fire governance demonstrate the potential for effective
collaboration across diverse entities, and serve to assist with efforts to revitalize prescribed fire
knowledge. However, to expand prescribed burning and create fire-adaptive communities, major
structural changes in political economy, land use, and legal frameworks still are required.
Specifically, fire managers, and particularly Tribal members articulated the following constraints:
1) insufficient funding to enact prescribed fire plans; 2) inequities in the current distribution and
control of land ownership; and, 3) entrenched centralized regulatory power of the state. A vision
of Tribal sovereignty proposes to radically upend these three constraints to prescribed fire
expansion. Tribal engagement in polycentric fire governance is the pathway Tribes perceive to be
the most effective pathway to this vision, and yet, Tribal members recognize the limitations of
such an approach, and feel ideally that the devolution of jurisdiction to Tribes would be the most

successful and just.

Financial Resources

Because state and federal regulations govern prescribed burning on public and Tribal
lands, land management agencies require additional personnel to implement policy objectives and
expand prescribed burning under these regulations. In response to the destructive 2017 and 2018
wildfires coupled with advocacy by organizations like the Northern California Prescribed Fire
Council, the State of California has been adopting new legislation to expand personnel for
prescribed burning (Crowder 2019). As required by Senate Bill 901 (2018), the state increased
appropriations for prescribed burning, and when compared with the 2017-2018 budget, the 2019-
2020 State budget funded ten new prescribed fire crews with 157 new positions. They also
initiated a new burn boss curriculum to standardize and increase certified burn bosses under the
2018 Senate Bill 1260 (California Legislative Analyst’s Office 2019; Crowder 2019). Managers
expect these changes will contribute to increased prescribed burning in certain regions of the state
with a larger WUL Yet, a similar increase in positions to conduct California Environmental
Quality Act reviews for planned projects will be necessary to compliment this expansion in
prescribed fire crews.

New sources of financial support for prescribed burning have also been created within
local jurisdictions. For example, after repeated destructive wildfires in Sonoma County, residents
voted with 74% approval to increase the sales tax to generate funds for fuel reduction in county

parks in 2018. Residents were convinced of the value of prescribed burning and fuel reduction
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after years of defraying these costs produced disastrous air quality and home destruction in
communities beyond the traditional WUI area. However, in 2020, a larger sales tax increase on
the Sonoma county ballot for fire protection districts received only 64% of the vote, but required
66% approval to pass. Although this particular measure fell short of approval, six parcel taxes for
local fire protection districts have passed in the county since 2018 (Rossmann 2020). These
changes may be an indication that voters are willing to reverse decades of anti-tax policies that
have defunded fire protection across California (Simon 2017).

On federal public lands, hiring additional fire management personnel remains a major
constraint because the funding for these positions has been insufficient, and is determined by
complex political appropriations (Pyne 2004; Hudson 2011). Congressional appropriations for
Tribal self-governance and fire management programs have never been adequately funded,
despite treaty and trust obligations (Wilkins and Stark 2017). Federal neoliberal policies embrace
austerity measures in government budgets, environmental deregulation, and privatization of forest
and fire management through contracting (Brick 1995; Hejny 2018). While the community fire
planning processes and stewardship contracting in the HFRA can be construed as undermining
NEPA and privatizing the Forest Service (Davis 2004), these processes have been used to
effectively expand prescribed burning and restoration activities across public lands in northern
California (Fleeger 2008; Jakes et al. 2011; Jakes and Sturtevant 2013). However, the
scapegoating of NEPA and CEQA as prescribed fire inhibitors could be addressed by hiring and
training additional specialists with expertise in fire ecology to conduct environmental reviews.
For example, managers most frequently identified the limited availability of cultural resource
specialists, and that additional personnel would accelerate NEPA/CEQA review. In the Klamath
region, the Six Rivers National Forest contracts with the Karuk Tribe to conduct cultural resource
reviews of proposed forest and prescribed fire activities under NEPA, developed by the Tribe and
the WKRP. Such collaborations to conduct cultural resource reviews would also support
consultation requirements and ensure Tribes are directly involved in forest and fire planning
(Long et al. 2018b).

The Karuk Tribe and its partners in the WKRP have recently secured considerable
financial support through stewardship contracting mechanisms, and other funding sources, to
support their grassroots and collaborative projects. Many of the prescribed fires and fuel
reduction measures on National Forests are now conducted by the Karuk Tribe’s fire and natural
resource management staff and the OSBFSC under the leadership of the Tribe (Vinyeta and Lynn
2015). The Tribe has used the decentralization of decision-making in the Forest Service to

increase their capacity and autonomy over fire management. The Karuk Tribe has learned from
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the problematic Orleans Community Fuel Reduction project experience (Scott-Goforth 2013),
and has established their own expertise to avoid the consequences of Forest Service contracts
with timber companies and non-Tribal organizations. Decentralization and devolution can support
fire and ecological restoration objectives, but relying on timber extraction revenues for funding
often may conflict with fire and restoration efforts.

In instances like the Orleans Community Fuel Reduction project, collaborative
management may be perfunctory for federal and state agencies, and entangle Tribal members in
costly bureaucratic processes with few obvious accomplishments (Nadasdy 2005). Yet, the Karuk
and Yurok Tribes have developed ways to expand their decision-making power, and assert their
legitimacy as well as their ability to implement their plans. Nonetheless, Tribes remain beholden
to the budget constraints of the Forest Service, CAL FIRE, and other state agencies to achieve
their goals. In the short-term, subsets of funds from these agencies can support the legal and
regulated burning programs of Tribes, but reliance on external funds that fluctuate with the
politics of Washington DC and Sacramento is unsustainable. To create alternative funding
streams, the Karuk Tribe recently established an eco-cultural revitalization fund to raise financial
resources through private foundations and donors, and the Yurok Tribe has entered the carbon
sequestration market to generate long-term funding for its forest and fire restoration program
(Manning and Reed 2019). Although this market mechanism remains controversial (Blanchard
and Vira 2017), the US Congress has limited Tribal funding, leaving Tribes with few viable

alternative funding streams.

Centralized Fire Governance

Across northern California, fire managers are hampered by the centralized decision-
making processes surrounding the permitting of prescribed burning. Specifically, the banning of
prescribed burning across the state by Forest Service regional staff and CAL FIRE upper
management during wildfires or severe fire weather prevents implementation when the bans
coincide with optimal prescribed fire conditions in other regions. Even without a statewide burn
ban, wildland fire teams are prioritized for wildfire suppression, and often sent to other regions,
or prevented from conducting prescribed burns so that they are available for a potential wildfire.
This situation exemplifies the wildfire paradox in action, where a positive feedback loop exists
for reactive suppression activity resulting in limited resources for proactive preventative measures
(Calkin et al. 2015; Ingalsbee 2017). Yet, little available evidence exists to support having
supplementary personnel on wildfires during extreme fire weather to achieve containment—

instead wildfire containment is likely driven primarily by changes in extreme weather conditions
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(Finney et al. 2009). Yet, the Forest Service budget structure incentivizes wildfire suppression
over prescribed burning. For example, if a wildland fire team is sent to a wildfire elsewhere, their
costs are paid through a different suppression fund, defraying any costs to their home unit (e.g., a
national forest or Tribe). Thus, current budgetary incentives favor sending personnel to wildfires
instead of maintaining their availability for prescribed burning within their home unit (Donovan
and Brown 2007; North et al. 2015).

Expanding prescribed burning requires major changes to wildfire management in order to
reduce suppression costs (Dunn et al. 2017; Ingalsbee 2017). Allowing wildfires to burn as
‘managed wildfires’ is an acceptable management decision on Forest Service lands, and is less
costly than current suppression tactics (Donovan and Brown 2007; Houtman et al. 2013; North et
al. 2015). However, CAL FIRE does not have a similar policy, which may cause conflict between
agencies when fires burn in different jurisdictions (Firefighters United for Safety Ethics and
Ecology 2019; Miller et al. 2020). Extending a polycentric fire governance model to these
incompatible policies may allow for progress in managing wildfire (Kelly et al. 2019).
Furthermore, both decentralizing permissible burn day decisions to reflect local ecological and
climate realities and providing regions with greater autonomy over their personnel would

facilitate prescribed burn objectives.

Decentralized Fire Governance

To decrease the costs of prescribed burning that are primarily associated with paying
professionals, or individual landowners’ time and money limitations (Fischer 2011), the Northern
California Prescribed Fire Council, the Fire Learning Network, Tribal members, and others have
supported decentralized prescribed burn associations (PBAs) and the Indigenous Peoples Burning
Network (IBPN) that bring trained property owners and volunteers together to conduct burns on
privately-owned land (Toledo et al. 2014; Weir et al. 2016; Crowder 2019). These associations
and networks capitalize upon the neoliberal support of decentralization in forest governance
(McCarthy 2005), and yet, do not aim to reproduce capitalist social relations of individualism or
commodification. Rather, they are rooted in concepts of mutual aid, and the non-capitalist vision
of Indigenous autonomy (Alfred 2005) that can support the revitalization of relatively small-scale
fire-based subsistence (Hillman and Salter 1997; Robbins et al. 2016; Sarna-Wojcicki et al.
2019).

Many of the leaders of these organizations have developed relationships of trust with
regulators and managers through their professional roles. These relationships assist them in

circumventing regulatory concerns and accessing equipment to support burns (Weir et al. 2016).
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This social capital built into the structure of PBAs extends a social insurance to allay liability
concerns, which is necessary given the difficulty and expense associated with purchasing
insurance on the market. These relationships also expand social networks of landowners and
burners, and serve to enhance trust among community members and facilitate the expansion of a
positive prescribed fire culture (Toledo et al. 2014). These associations have also organized to
change fee structures for burn permits, and thus, have been effective political forces to change
local regulatory structures (Crowder 2019).

The grassroots IPBN effort to collaboratively burn, however, highlights the challenges of
expanding prescribed burning under the existing property ownership regime, where the majority
of Tribal ancestral territory remains under the jurisdiction of the Forest Service, Park Service and
private timber companies (Huntsinger and Diekmann 2010; Norgaard 2019). Extensive California
Indian land dispossession substantially limits the efficacy of this decentralized burning network,
as many families no longer own properties, or their properties are highly fragmented, and thus,
challenging, at best, to manage (Shoemaker 2003; Carroll et al. 2010). As Agrawal & Ostrom
(2001) emphasize, if governments permit decentralized decision-making, but do not also devolve
property use or access rights to Indigenous and local communities, then efforts to reform
management efforts will unlikely be effective. Through the WKRP, the Forest Service is
progressing toward reinstating Tribal management of certain circumscribed areas (Vinyeta and
Lynn 2015; USDA Forest Service PSW Region 2018), while the Yurok Tribe has been
purchasing land and advocating to legislatively transfer Forest Service property to reservation
lands (Manning and Reed 2019; Mukherjee 2019). However, under the control of Tribal
governments, cultural burning on Tribal land may still be inhibited by highly regulated and
under-resourced Tribal institutions (Alfred 2005; Carroll 2015; Nadasdy 2017). Efforts to co-
manage and re-patriate lands are promising, but they do not necessarily support familial control
over lands, which is historically how Karuk and Yurok Tribal members managed fire and
resources (Waterman 1920; Bettinger 2015; Norgaard 2019). Therefore, a regional effort to return
privately-owned lands to dispossessed Tribal members also has potential to expand prescribed
burning and address social injustices (Kelly et al. 2013; Hurwitz and Bourque 2018).

To expand prescribed burning, polycentric and intercultural fire governance is also
ascendant in South America and Australia where Indigenous burning and fire knowledge are
being recognized by state agencies as critical components of fire regimes and to mitigate wildfire
spread (Russell-Smith and Cook 2013; Mistry et al. 2019). Similar to CAL FIRE Forest Health
grants in California, Indigenous fire management programs in northern Australian savannas have

also been funded through carbon sequestration markets (Russell-Smith and Cook 2013; Fache and
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Moizo 2015; Petty et al. 2015). However, Aboriginal communities have been critical of these
programs because they are tied to external metrics associated with carbon offsets, and thus, the
intent of burning has emphasized achieving carbon emission reductions as opposed to the
nuanced ecocultural burning objectives associated with Indigenous livelihood and culture (Fache
and Moizo 2015; Petty et al. 2015; Mistry et al. 2019). In Australian and South American
contexts where fire governance is comparatively decentralized and Tribal sovereignty and land
title is less encumbered by colonialism, Indigenous prescribed burning is achieving desired social
and ecological outcomes without a heavy reliance on external funding and metrics (Codding et al.
2016; Welch and Coimbra Jr 2019).

Where governments and communities acknowledge the benefits of prescribed fire,
diverse modes and innovative mechanisms of implementation have emerged such as professional
prescribed fire crews, Indigenous fire ranger programs, and prescribed burn associations (Kobziar
et al. 2009; Toledo et al. 2014; Fache and Moizo 2015; Petty et al. 2015; Weir et al. 2016;
Crowder 2019). Yet, despite favorable Federal and California state governmental rhetoric toward
prescribed fire, centralized government funding and associated programs have been insufficient
for sustaining proactive prescribed fire programs in northern California (Quinn-Davidson and
Varner 2012; Kolden 2019; Miller et al. 2020). Furthermore, these centralized bureaucracies
often lack the local fire knowledge that has co-evolved with fire ecologies, and thus, have the
potential to impose burning prescriptions that are not compatible with diverse social or ecological
needs; an emphasis on prescribed burning for hazardous fuel reduction, for example, may not
have the same effect as burning for culturally-important species or eco-cultural restoration
(Eriksen and Hankins 2014; Lake et al. 2017). Therefore, governments and institutions can adjust
regulations to devolve decision-making to local communities, especially those that have
autochthonously established rules, norms, and infrastructure for burning. Given their deep
temporal and place-based ties that have motivated the rehabilitation of human-fire relationships
integral to their culture, Indigenous communities, such as the Karuk and Yurok, are particularly

well positioned to determine the application of prescribed fire in their territories.
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APPENDIX

A. Prescribed Fire in Northern California Survey Instrument

Q1 What is your email address?

Q2 What type of entity do you primarily work for with regard to prescribed fire?

US Forest Service

Bureau of Land Management

American Indian Tribe

CAL FIRE

National Park Service

California State Parks

Non-governmental organization

Private company

Other (please specify)

Q3 Which park, forest district, field office, or unit do you work for to conduct/plan prescribed burns?

Q4 What is your position?

Q5 Within your position, how do you support prescribed burning?
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Q6 What were your agency/organization’s annual prescribed burn area targets in 2018 (if known)?
0 - 25 acres
26 - 100 acres
101 - 500 acres
501 - 999 acres

1000 + acres

Q7 How many total acres did your agency/organization burn in 2018?
0 - 25 acres
26 - 100 acres
101 - 500 acres
501 - 999 acres

1000 + acres

Q8 Since 2013, has your agency/organization made progress toward increasing the overall area of
prescribed burns?

Yes

No
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QO Please estimate how many more acres your agency/organization burns annually compared to 2013:

1 -10 acres

11 -51 acres

51 - 100 acres

Other (please specify)

Q10 Since 2013, what were the most important actions your agency/organization took to increase
prescribed burning (1 being most important)?

Q11 Of the following prescribed burn objectives, which does your agency/organization regularly
accomplish, and which are more difficult to accomplish?

Regularly Accomplish ~ Difficult to accomplish N/A

Fuel reduction

Enhancement of
Nontimber (special)
forest products

Enhancement of
ecocultural resources
(e.g. acorns, basketry

materials)

Forage enhancement for
deer/elk/livestock

Ecological restoration

Other (if applicable,
please specify)
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Q12 Have interagency and community-based collaborations supported prescribed burning efforts within
your agency/organization?

A great deal

A lot

A moderate amount
A little

N/A

Q13 How have these collaborations specifically supported prescribed burning?

Select all that apply

Provided funding

Provided personnel and equipment

Provided training

Supported with burn planning and permitting

Supported with community outreach

Other (please specify)
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Q14 Has your agency/organization participated in collaborative burning supported by any of the following
programs?
Select all that apply

Prescribed Fire Training Exchanges (TREX)

Joint Chiefs Landscape Restoration Partnership

CAL FIRE funds or programs (e.g., Vegetation Management Program, Forest Health
grants)

California Department of Fish and Wildlife funds

California Fire Safe Council funds

Tribal Forest Protection Act

Other (Please specify)

N/A

Q15 How many times has your agency/organization participated in prescribed fire training exchanges
(TREX)?

1 - 2 times

3 - 4 times

5 - 6 times

7 + times
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Q16 Was TREX useful for your agency/organization?

Very useful

Moderately useful

Slightly useful

Not useful

Q17 What are the specific benefits of TREX for your agency/organization?

Q18 If your agency/organization had unlimited financial resources, which of the following would be your
top three impediments to prescribed burning? (Drag items and drop in the box)

Top three impediments without financial constraints
Coordination of multiple property owners
_____Air quality permitting
_ NEPA/CEQA processes
Permissive legal burn days
Public concerns
Wildfires reducing available personnel
Short burn windows

Other (please specify)
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Q19 If your agency/organization could allocate more financial resources to expand annual prescribed burn
area, which would be the top three budget items you would increase? (Drag items and drop in the box)

Top three items to increase financial resources
Personnel to plan burns
Personnel to implement burns
Personnel to prep burn units
Personnel training
Equipment (e.g., engines, hose, etc.)
Insurance policies

Other (please specify)

Q20 Which of the following do you believe constrains your agency/organization's burn window?
Please rank the pertinent choices, with the first item being the greatest contributor.

Greatest constraints to burn window

Unavailable personnel
Wildfires reducing available personnel
Climate changes (e.g., drought, unpredictable precipitation)

Permissive burn days

Limited financial resources

Limited collaborative management with other agencies
Risk aversion

Other (please specify)

Q21 Do you believe the legal burn window (permissive burn days) has become shorter since 2013?

Yes

Maybe

No
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Q22 How often do the following landscape features discourage your agency/organization from planning
prescribed burns nearby?
Most of the time Occasionally Rarely Never

Private properties
and structures

Cultural resources

Endangered
species

High fuel load
areas

Recreation
attractions

Other (please
specify)

Q23 Does your agency/organization have sufficient resources to reduce fuel loads to prepare sites for
prescribed fire?

Always

Most of the time
Occasionally
Rarely

Never

Q24 Please explain how the Endangered Species Act has caused your agency/organization to limit
prescribed burning plans:
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Q25 Do planning procedures like CEQA or NEPA impede your agency/organization’s ability to implement
and increase prescribed burns?

Always

Most of the time
Occasionally
Rarely

Never

N/A

Q26 Does your agency/organization have sufficient specialists available to efficiently conduct CEQA and
NEPA assessments of proposed prescribed burns?

Always

Most of the time
Occasionally
Rarely

Never

N/A

149



Q27 If your agency/organization could add staff to streamline the completion of CEQA or NEPA
requirements for prescribed burning, which would be the top three positions? (Drag items and drop in the
box)

Top 3 Staffing Positions to Streamline CEQA/NEPA

Cultural Resource Specialist
____Wildlife biologist
Forester
Botanist
Environmental Planner

Other (please specify)

Q28 Is your agency/organization limited by the availability of burn bosses to conduct prescribed burns?
Always
Most of the time
Occasionally
Rarely

Never

Q29 Has the lack of available wildland fire crews or modules limited your agency/organization 's ability to
conduct prescribed burns?

Always

Most of the time
Occasionally
Rarely

Never
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Q30 If your agency/organization could increase personnel to expand prescribed burning capacity, which
type of personnel would be most beneficial? (Please rank, 1 being the greatest, 5 being the least)

Burn bosses

Fire managers

Wildland fire crews/modules

Scientists/Specialists

Cultural Resource Technicians

Q31 Since 2013 has your agency/organization been able to make improvements to the following prescribed
fire impediments?

Improved Unchanged Declined

Air quality permitting

NEPA/CEQA
assessments

Personnel resources

Public concerns

Financial resources

Fuel loading

Property owner
coordination
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Q32 What specific actions has your agency/organization taken to overcome or reduce the following
impediments to prescribed burning?

Air quality permitting

NEPA/CEQA assessments

Personnel resources

Public concerns

Financial resources

Fuel loading

Property owner coordination

Other (please specify)

Q33 Has your agency/organization attempted to reduce impediments with limited effectiveness?

Yes

No

N/A

Q34 What were those efforts and why weren't they effective?

Q35 Are there changes to specific laws and policies that you believe would support the expansion of
prescribed burning?

Q36 Are there any promising developments that you believe will aid in expanding prescribed burning in the
next decade?
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Q37 Thank you for participating in this survey!

Do you have anything else you would like to add?

153



LITERATURE CITED

Abrams JB (2016) Rural Residential Development and Its Discontents: A Political Ecology of
Sprawl Containment in Wallowa County, Oregon, USA. In: Taylor LE, Hurley PT (eds) A
Comparative Political Ecology of Exurbia: Planning, environmental Management, and
landscape change. Springer International Publishing, New York, New York, pp 83-103

Abrams JB, Knapp M, Paveglio TB, et al (2015) Re-envisioning community-wildfire relations in
the U.S. West as adaptive governance. Ecol Soc 20:1-27

Agee J (1993) Fire Ecology of Pacific Northwest forests. Island Press, Washington DC

Agee J, Bahro B, Finney MA, et al (2000) The use of shaded fuelbreaks in landscape fire
management. For Ecol Manage 127:55-66

Agrawal A, Ostrom E (2001) Collective action, property rights, and decentralization in resource
use in India and Nepal. Polit Soc 29:485-514

Ahuja S, Proctor T (2018) Fire, Air Quality, and Greenhouse Gases. In: van Wagtendonk J,
Sugihara NG, Stephens SL, et al. (eds) Fire in California’s Ecosystems. University of
California Press, Oakland, California, pp 439457

Aldern JD, Goode RW (2014) The stories hold water: Learning and burning in North Fork Mono
homelands. Decolonization Indig Educ Soc 3:26-51

Alfred T (2005) Wasase: Indigenous Pathways of Action and Freedom. University of Toronto
Press, Toronto, Canada

Allred BW, Fuhlendorf SD, Engle DM, Elmore RD (2011) Ungulate preference for burned
patches reveals strength of fire-grazing interaction. Ecol Evol 1:132-44.
https://doi.org/10.1002/ece3.12

Altman J (2009) The hybrid economy and anthropological engagements with policy discourse: A
brief reflection. Aust J Anthropol 20:318-329

Anderson MK (2005) Tending the wild: Native American knowledge and the management of
California’s natural resources. University of California Press, Berkeley, California

Anderson MK (1999) The fire, pruning, and coppice management of temperate ecosystems for
basketry material by California Indian tribes. Hum Ecol 27:79-113

Anderson MK (2018) The use of fire by Native Americans in California. In: Wagtendonk J van,
Sugihara NG, Stephens SL, et al. (eds) Fire in California’s ecosystems. University of
California Press, Oakland, California, pp 381-397

154



Anderson MK (2002) An ecological critique. In: Stewart O (author) Forgotten fires: Native
Americans and the transient wilderness. University of Oklahoma Press, Norman, OK, pp
37-64

Armstrong C, Dixon W, Turner N (2018) Management and traditional production of Beaked
Hazelnut (k’ap’xw-az’, Corylus cornuta; Betulaceae) in British Columbia. Hum Ecol
46:547-559

Ayres RW (1958) History of timber management in the California National Forests, 1850 to
1937. USDA Forest Service, San Francisco, California

Baker WL (2014) Historical forest structure and fire in Sierran mixed-conifer forests
reconstructed from General Land Office survey data. Ecosphere 5:1-70

Baker WL, Ehle D (2001) Uncertainty in surface-fire history: the case of ponderosa pine forests
in the western United States. Can J For Res 31:1205-1226

Baldy C (2013) Why we gather: traditional gathering in native Northwest California and the
future of bio-cultural sovereignty. Ecol Process 2:1-10

Baldy CR (2018) We Are Dancing for You: Native Feminisms and the Revitalization of
Women’s Coming-of-Age Ceremonies. University of Washington Press, Seattle,
Washington

Barbier S, Gosselin F, Balandier P (2008) Influence of tree species on understory vegetation
diversity and mechanisms involved—a critical review for temperate and boreal forests. For
Ecol Manage 254:1-15

Barbour MG, Burk JH, Pitts WD (1987) Terrestrial Plant Ecology, 2nd edn.
Benjamin/Cummings, San Francisco, California

Barnhart SJ, McBride JR, Warner P (1996) Invasion of northern oak woodlands by Pseudotsuga
menziesii (Mirb.) Franco in the Sonoma Mountains of California. Madrofio 43:28-45

Basgall M (1987) Resource intensification among hunter-gatherers: acorn economies in
prehistoric California. Res Econ Anthropol 9:21-52

Batsatsashvili K, Mehdiyeva N, Fayvush G, et al (2017) Corylus avellana L. Corylus colurna L.
Betulaceae. In: Bussman RW (ed) Ethnobotany of the Caucasus. Springer, New York, pp
225-232

Bauer S, Olson J, Cockrill A, et al (2015) Impacts of surface water diversions for marijuana
cultivation on aquatic habitat in four northwestern California watersheds. PLoS One
10:¢0120016

Baumhoff M (1963) Ecological determinants of aboriginal California populations. Am Archaeol
Ethnol 49:155-236

155



Beebe C, Wheeler SM (2012) Gold Country: the politics of landscape in exurban El Dorado
County, California. J Polit Ecol 19:1-16

Beisner BE, Haydon DT, Cuddington K (2003) Alternative stable states in ecology. Front Ecol
Environ 1:376-382

Berkes F, Colding J, Folke C (2000) Rediscovery of traditional ecological knowledge as adaptive
management. Ecol Appl 10:1251-1262

Bernard HR (2011) Research Methods in Anthropology: Qualitative and quantitative approaches.
Rowman Altamira, Lanham, Maryland

Bettinger RL (2015) Orderly Anarchy: Sociopolitical Evolution in Aboriginal California.
University of California Press, Oakland, California

Bibby B (2004) Precious Cargo: California Indian Cradle Baskets and Childbirth Traditions.
Heyday Press, Berkeley, California

Bibby B (2012) Essential Art: Native Basketry from the California Indian Heritage Center.
Heyday Press, Berkeley, California

Bichard M (2008) Baskets in Europe. Fyfield Wick Editions, Abingdon, UK

Bilbao BA, Leal A V., Méndez CL (2010) Indigenous use of fire and forest loss in Canaima
National Park, Venezuela. Assessment of and tools for alternative strategies of fire
management in Pemoén indigenous lands. Hum Ecol 38:663-673

Bird D, Bliege Bird R, Codding B (2009) In pursuit of mobile prey: Martu hunting strategies and
archaeofaunal interpretation. Am Antiq 74:3-29

Biswell H (1999) Prescribed Burning in California Wildlands Vegetation Management.
University of California Press, Berkeley, California

Blackburn TC, Anderson MK (1993) Before the Wilderness: Environmental Management by
Native Californians. Ballena Press, Menlo Park, CA

Blanchard L, Vira B (2017) Interrogating Public Debates over Jurisdictional REDD+ in
California’s Global Warming Solutions Act: Implications for social equity. In: Paladino S,
Fiske SJ (eds) The Carbon Fix. Routledge, New York, New York, pp 171-183

Bliege Bird R (2015) Disturbance, complexity, scale: New approaches to the study of human-
environment interactions. Annu Rev Anthropol 44:241-257

Bliege Bird R, Bird D, Codding BF, et al (2008) The “fire stick farming” hypothesis: Australian
Aboriginal foraging strategies, biodiversity, and anthropogenic fire mosaics. Proc Natl Acad
Sci US A 105:14796-14801

Bliege Bird R, Codding B, Kauhanen P, Bird D (2012) Aboriginal hunting buffers climate-driven
fire-size variability in Australia’s spinifex grasslands. Proc Natl Acad Sci 109:10287-10292

156



Bliege Bird R, Nimmo D (2018) Restore the lost ecological functions of people. Nat Ecol Evol
2:1050-1052

Bliege Bird R, Smith E (2005) Signaling theory, strategic interaction, and symbolic capital. Curr
Anthropol 46:221-248

Bliege Bird R, Tayor N, Codding B, Bird D (2013) Niche construction and dreaming logic:
aboriginal patch mosaic burning and varanid lizards (Varanus gouldii) in Australia. Proc R
Soc B Biol Sci 280:20132297

Bliss JC, Kelly EC, Abrams J, et al (2010) Disintegration of the US industrial forest estate:
Dynamics, trajectories, and questions. Small-Scale For 9:53-66

Boisramé GFS, Thompson SE, Kelly M, et al (2017) Vegetation change during 40 years of
repeated managed wildfires in the Sierra Nevada, California. For Ecol Manage 402:241-252

Bond WJ, Van Wilgen BW (1996) Fire and plants. Springer, Dordrecht

Bonser SP, Aarssen LW (1994) Plastic allometry in young sugar maple (Acer saccharum):
adaptive responses to light availability. Am J Bot 81:400-406

Botkin DB, Sobel MJ (1975) Stability in time-varying ecosystems. Am Nat 109:625-646

Bower RW (1978) Chronological history of the Klamath National Forest: People, Places,
Programs, and Events. USDA Forest Service, Klamath National Forest, Yreka, CA

Bowers A, Carpenter KA (2011) Challenging the Narrative of Conquest: The Story of Lyng v.
Northwest Indian Cemetery Protective Association. In: Goldberg C, Washburn KK, Frickey
PP (eds) Indian Law Stories. Foundation Press, New York, New York, pp 489-533

Boyd R (1999) Indians, Fire, and the Land in the Pacific Northwest. Oregon State University
Press, Corvallis, OR

Brechin G (2006) Imperial San Francisco: Urban Power, Earthly Ruin. University of California
Press, Berkeley, California

Brenkert-Smith H, Champ PA, Flores N (2006) Insights into wildfire mitigation decisions among
wildland-urban interface residents. Soc Nat Resour 19:759-768

Brick P (1995) Determined opposition: The wise use movement challenges environmentalism.
Environ Sci Policy Sustain Dev 37:17-42

Bright W (1957) The Karok Language. University of California Press, Berkeley, California

Brown JK (1974) Handbook for Inventorying Downed Woody Material. General Technical
Report INT-16. USDA Forest Service, Intermountain Forest and Range Experiment Station.
Ogden, Utah

Buckley T (2002) Standing Ground: Yurok Indian Spirituality, 1850-1990. University of

California Press, Berkeley, California

157



Buckley T (1989) Suffering in the cultural construction of others: Robert Spott and A. L.
Kroeber. Am Indian Q 13:437-445

Buckman RE (1964) Effects of prescribed burning on hazel in Minnesota. Ecology 45:626—-629

Busam H (2006) Characteristics and Implications of Traditional Native American Fire
Management on the Orleans Ranger District, Six Rivers National Forest. Masters Thesis.
California State University, Sacramento

Bussey J, Davenport MA, Emery MR, Carroll C (2015) “A lot of it comes from the heart”: The
nature and integration of ecological knowledge in tribal and nontribal forest management. J
For 114:97-107

Butler WH (2013) Collaboration at arm’s length: Navigating agency engagement in landscape-
scale ecological restoration collaboratives. J For 111:395-403

Butler WH, Goldstein BE (2010) The US fire learning network: Springing a rigidity trap through
multi-scalar collaborative networks. Ecol Soc 15:21

Butsic V, Schwab B, Baumann M, Brenner JC (2017) Inside the Emerald Triangle: Modeling the
placement and size of cannabis production in Humboldt County, CA USA. Ecol Econ
142:70-80

California Legislative Analyst’s Office (2019) The 2019-20 Budget: Natural resources and
environmental protection. Sacramento, California

Calkin DE, Cohen JD, Finney MA, Thompson MP (2014) How risk management can prevent
future wildfire disasters in the wildland-urban interface. Proc Natl Acad Sci 111:746-751

Calkin DE, Thompson MP, Finney MA (2015) Negative consequences of positive feedbacks in
US wildfire management. For Ecosyst 2:9

Canham CD (1988) Growth and canopy architecture of shade-tolerant trees: Response to canopy
gaps. Ecology 69:786—795

Carlson KM, Curran LM, Ratnasari D, et al (2012) Committed carbon emissions, deforestation,
and community land conversion from oil palm plantation expansion in West Kalimantan,
Indonesia. Proc Natl Acad Sci 109:7559-7564

Carroll C (2015) Roots of our renewal: Ethnobotany and Cherokee environmental governance.
University of Minnesota Press, Minneapolis, Minnesota

Carroll MS, Cohn PJ, Blatner KA (2004) Private and tribal forest landowners and fire risk: a two-
county case study in Washington State. Can J For Res 34:2148-2158

Carroll MS, Cohn PJ, Paveglio TB, et al (2010) Fire burners to firefighters: the Nez Perce and
fire. J For 108:71-76

158



Catton T (2016) American Indians and National Forests. University of Arizona Press, Tucson,
Arizona

Chamberlain JL, Emery MR, Patel-Weynand T (2018) Assessment of nontimber forest products
in the United States under changing conditions. General Technical Report SRS-232, USDA
Forest Service, Southern Research Station. Asheville, North Carolina

Charles-Dominique T, Edelin C, Brisson J, Bouchard A (2012) Architectural strategies of
Rhamnus cathartica (Rhamnaceae) in relation to canopy openness. Botany 90:976-989

Charnley S, Dillingham C, Stuart C, et al (2008) Northwest Forest Plan — The First 10 Years
(1994 — 2003): Socioeconomic Monitoring of the Klamath National Forest and Three Local
Communities. PNW-GTR-764. Portland, OR: USDA Forest Service PNW Research Station

Charnley S, Fischer A, Jones E (2007) Integrating traditional and local ecological knowledge into
forest biodiversity conservation in the Pacific Northwest. For Ecol Manage 246:14-28

Charnley S, Kline JD, White EM, et al (2018) Socioeconomic well-being and forest management
in northwest forest plan-area communities. In: Spies T, Stine P, Gravenmier R, et al. (eds)
Synthesis of Science to Inform Land Management within the Northwest Forest Plan Area.
Gen. Tech. Rep. PNW-GTR-966. USDA Forest Service PNW Research Station, Portland,
Oregon, pp 625-715

Charnov EL (1976) Optimal foraging, the marginal value theorum. Theor Popul Biol 9:129-136

Clar RC (1959) California government and forestry. Division of Forestry, State of California,
Sacramento, California.

Clar RC (1969) California Government and Forestry II: During the Young and Rolph
Administrations. Division of Forestry, Department of Conservation, State of California,
Sacramento, California

Clarke PJ, Lawes MJ, Midgley 1J, et al (2013) Resprouting as a key functional trait: how buds,
protection and resources drive persistence after fire. New Phytol 197:19-35

Clifford J (2013) Returns. Harvard University Press, Cambridge, Massachusetts

Clinton W (1994) Government-to-government relations with Native American tribal
governments. Fed Regist 59:Doc No: 94-10877

Clinton W (2000) Consultation and Coordination With Indian Tribal Governments. Fed Regist
65:Doc No: 00-29003

Cochrane MA, Alencar A, Schulze MD, et al (1999) Positive feedbacks in the fire dynamic of
closed canopy tropical forests. Science 284:1832—-1835

Cocking MI, Varner JM, Knapp EE (2014) Long-term effects of fire severity on oak—conifer
dynamics in the southern Cascades. Ecol Appl 24:94-107

159



Cocking MI, Varner JM, Sherriff RL (2012) California black oak responses to fire severity and
native conifer encroachment in the Klamath Mountains. For Ecol Manage 270:25-34

Codding BF, Bliege Bird R, Bird DW, Zeanah DW (2016) Alternative aboriginal economies:
Martu livelihoods in the 21st century. In: Codding B, Kramer K (eds) Why Forage?:
Hunters and Gatherers in the 21st century. School for Advanced Research Press, Santa Fe,
New Mexico, pp 185-211

Codding BF, Bliege Bird R, Kauhanen PG, Bird DW (2014) Conservation or co-evolution?
Intermediate levels of Aboriginal burning and hunting have positive effects on kangaroo
populations in western Australia. Hum Ecol 42:659-669

Cohodas M (1997) Basket Weavers for the California Curio Trade: Elizabeth and Louise Hickox.
University of Arizona Press

Colegrove N (2014) Decision Memo: Roots and Shoots (Traditional Cultural) Project. Lower
Trinity/Orleans/Ukonom Ranger Districts, Six Rivers National Forest

Collins BM, Everett RG, Stephens SL (2011) Impacts of fire exclusion and recent managed fire
on forest structure in old growth Sierra Nevada mixed-conifer forests. Ecosphere 2:1-14

Collins BM, Miller JD, Thode AE, et al (2009) Interactions among wildland fires in a long-
established Sierra Nevada natural fire area. Ecosystems 12:114-128

Collins BM, Stephens SL, Moghaddas JJ, Battles JJ (2010) Challenges and approaches in
planning fuel treatments across fire-excluded forested landscapes. J For 108:24-31

Collins TW (2005) Households, forests, and fire hazard vulnerability in the American West: A
case study of a California community. Glob Environ Chang Part B Environ hazards 6:23-37

Collins TW (2008) What influences hazard mitigation? Household decision making about
wildfire risks in Arizona’s White Mountains. Prof Geogr 60:508-526

Conners P (1998) A History of Six Rivers National Forest...Commemorating the First 50 Years.
USDA Forest Service, Pacific Southwest Region, Six Rivers National Forest, Eureka,
California

Coughlan MRM (2014) Farmers, flames, and forests: Historical ecology of pastoral fire use and
landscape change in the French Western Pyrenees, 1830-2011. For Ecol Manage 312:55-66

Coulthard GS (2014) Red Skin, White Masks: Rejecting the Colonial Politics of Recognition.
University of Minnesota Press, Minneapolis, Minnesota

Cowles RB Fire suppression, faunal changes and condor diets. In: Proc. Cal. Tall Timbers Fire

Ecol. Conf. pp 217224

160



Crawford JN, Mensing SA, Lake FK, Zimmerman SR (2015) Late Holocene fire and vegetation
reconstruction from the western Klamath Mountains, California, USA: A multi-disciplinary
approach for examining potential human land-use impacts. The Holocene 25:1341-1357

Crowder L (2019) Prescribed fire gains momentum. Calif Agric 73:5-8

Cuthrell RQ (2013) Archaeobotanical evidence for indigenous burning practices and foodways at
CA-SMA-113. Calif Archaeol 5:265-290

Cyphers LA, Schultz CA (2019) Policy design to support cross-boundary land management: The
example of the Joint Chiefs Landscape Restoration Partnership. Land use policy 80:362—
369.

Daigle M (2017) Tracing the terrain of Indigenous food sovereignties. J Peasant Stud 1-19.
https://doi.org/10.1080/03066150.2017.1324423

David AT, Asarian JE, Lake FK (2018) Wildfire smoke cools summer river and stream water
temperatures. Water Resour Res 54:7273-7290

Davies G, Frank F (1992) Stories of the Klamath National Forest: The First 50 Years. HiStory ink
Books, Hat Creek, California

Davies IP, Haugo RD, Robertson JC, Levin PS (2018) The unequal vulnerability of communities
of color to wildfire. PLoS One 13:¢0205825

Davis JB (2004) The healthy forests initiative: Unhealthy policy choices in forest and fire
management. Environ Law 34:1209-1245

Davis M (1998) Ecology of fear: Los Angeles and the imagination of disaster. Metropolitan
Books, New York

Deloria V (2003) God is Red: A Native View of Religion. Fulcrum Publishing, Golden, Colorado

Devine WD, Harrington CA (2013) Restoration release of overtopped Oregon white oak
increases 10-year growth and acorn production. For Ecol Manage 291:87-95

Diver S (2016) Co-management as a catalyst: Pathways to post-colonial forestry in the Klamath
Basin, California. Hum Ecol 44:533-546

Diver S, Higgins M (2014) Giving back through collaborative research: towards a practice of
dynamic reciprocity. J Res Pract 10:M9

Dobkins R, Lewis C, Hummel S, Dickey E (2016) Cultural plant harvests on federal lands:
perspectives from members of the Northwest Native American Basketweavers Association.
PNW-RP-608. Portland, OR: USDA Forest Service, PNW Research Station

Dockry MJ, Gutterman SA, Davenport MA (2017) Building Bridges: Perspectives on partnership
and collaboration from the US Forest Service Tribal Relations Program. J For 116:123-132

161



Dods RR (2002) The death of Smokey Bear: the ecodisaster myth and forest management
practices in prehistoric North America. World Archaeol 33:475-487

Donoghue EM, Thompson SA, Bliss JC (2010) Tribal-federal collaboration in resource
management. J Ecol Anthropol 14:22-38

Donovan GH, Brown TC (2007) Be careful what you wish for: the legacy of Smokey Bear. Front
Ecol Environ 5:73-79

Drewa PB, Platt W], Moser EB (2002) Fire effects on resprouting of shrubs in headwaters of
southeastern longleaf pine savannas. Ecology 83:755-767

Duane TP (1999) Shaping the Sierra: Nature, culture, and conflict in the changing West.
University of California Press, Berkeley, California

Duchesne LC, Wetzel S (2004) Effect of fire intensity and depth of burn on Lowbush Blueberry,
Vaccinium angustifolium, and Velvet Leaf Blueberry, Vaccinium myrtilloides, production
in eastern Ontario. Can Field-Naturalist 118:195-200

Dunn CJ, Thompson MP, Calkin DE (2017) A framework for developing safe and effective large-
fire response in a new fire management paradigm. For Ecol Manage 404:184—-196

Durbin K (1996) Tree Huggers: Victory defeat and renewal in the Northwest ancient forest
campaign. Mountaineers Books, Seattle, Washington

Egan AF, Luloff AE (2000) The exurbanization of America’s forests: Research in rural social
science. J For 98:26-30

Emery MR, Wrobel A, Hansen MH, et al (2014) Using traditional ecological knowledge as a
basis for targeted forest inventories: Paper birch (Betula papyrifera) in the US Great Lakes
region. J For 112:207-214

Engber EA, Vamer III JM (2012) Patterns of flammability of the California oaks: the role of leaf
traits. Can J For Res 42:1965-1975

Engber EA, Vamer III JM, Arguello LA, Sugihara NG (2011) The effects of conifer
encroachment and overstory structure on fuels and fire in an oak woodland landscape. Fire
Ecol 7:32-50.

Eriksen C, Hankins DL (2014) The retention, revival, and subjugation of indigenous fire
knowledge through agency fire fighting in eastern Australia and California. Soc Nat Resour
27:1288-1303

Estes JA, Terborgh J, Brashares JS, et al (2011) Trophic downgrading of planet Earth. Science
333:301-306

Estes N (2019) Our History is the Future: Standing Rock versus the Dakota Access Pipeline, and

the long tradition of indigenous resistance. Verso, Brooklyn, New York

162



Everett Y, Fuller M (2011) Fire safe councils in the interface. Soc Nat Resour 24:319-333

Eyes SA, Roberts SL, Johnson MD (2017) California Spotted Owl (Strix occidentalis
occidentalis) habitat use patterns in a burned landscape. Condor Ornithol Appl 119:375-388

Fache E, Moizo B (2015) Do burning practices contribute to caring for country? Contemporary
uses of fire for conservation purposes in indigenous Australia. J Ethnobiol 35:163—182

Falk D (1989) Lyng v. Northwest Indian Cemetery Protective Association: Bulldozing first
amendment protection of Indian sacred lands. Ecol Law Q 16:515

Fernandez C, Vega JA, Fonturbel T (2013a) Shrub resprouting response after fuel reduction
treatments: comparison of prescribed burning, clearing and mastication. J Environ Manage
117:235-241

Fernandez C, Vega JA, Fonturbel T (2013b) Does fire severity influence shrub resprouting after
spring prescribed burning? Acta oecologica 48:30-36

Fiala ACS, Garman SL, Gray AN (2006) Comparison of five canopy cover estimation techniques
in the western Oregon Cascades. For Ecol Manage 232:188-197

Field L (2008) Abalone Tales: Collaborative Explorations of Sovereignty and Identity in Native
California. Duke University Press, Durham, North Carolina

Fine PVA, Misiewicz TM, Chavez AS, Cuthrell RQ (2013) Population genetic structure of
California hazelnut, an important food source for people in Quiroste Valley in the Late
Holocene. Calif Archaeol 5:353-370

Finney M, Grenfell IC, McHugh CW (2009) Modeling containment of large wildfires using
generalized linear mixed-model analysis. For Sci 55:249-255

Firefighters United for Safety Ethics and Ecology (2019) We Had to do Something: Futility and
fatality in fighting the 2018 Mendocino Complex Fire. https://arcg.is/rSuWL. Accessed 1
Mar 2020

Fischer AP (2011) Reducing hazardous fuels on nonindustrial private forests: factors influencing
landowner decisions. J For 109:260-266

Fischer AP, Charnley S (2012) Risk and cooperation: managing hazardous fuel in mixed
ownership landscapes. Environ Manage 49:1192—-1207

Fischer AP, Spies TA, Steelman TA, et al (2016) Wildfire risk as a socioecological pathology.
Front Ecol Environ 14:276-284

Fleeger WE (2008) Collaborating for success: community wildfire protection planning in the
Arizona White Mountains. J For 106:78-82

Foster JB (2000) Marx’s ecology: Materialism and nature. NYU Press, New York, New York

163



Fowler C (2012) Ignition Stories: Indigenous Fire Ecology in the Indo-Australian Monsoon Zone.
Carolina Academic Press, Durham, North Carolina

Fowler CS, Lepofsky D (2011) Traditional resource and environmental management. In:
Anderson E, Pearsall D, Hunn E, Turner N (eds) Ethnobiology. John Wiley & Sons, Inc.,
Hoboken, New Jersey, pp 285-304

Fox J, Weisberg S (2018) An R Companion to Applied Regression. Sage Publications, Thousand
Oaks, California

Fralish JS (2004) The keystone role of oak and hickory in the central hardwood forest. In: Upland
oak ecology symposium: History, current conditions, and sustainability. US Forest Service
General Technical Report SRS-73. U.S. Department of Agriculture, Forest Service,
Southern Research Station, Asheville, North Carolina, pp 78-87

Franklin AB, Anderson DR, Gutiérrez RJ, Burnham KP (2000) Climate, habitat quality, and
fitness in northern spotted owl populations in northwestern California. Ecol Monogr
70:539-590

Fry D, Stephens S (2006) Influence of humans and climate on the fire history of a ponderosa
pine-mixed conifer forest in the southeastern Klamath Mountains, California. For Ecol
Manage 223:428-438

Fryer J (2007) Corylus cornuta. In: Fire Eff. Inf. Syst. [Online].
https://www.fs.fed.us/database/feis/plants/shrub/corcor/all.html. Accessed 9 Jul 2018

Ful¢ PZ, Swetnam TW, Brown PM, et al (2014) Unsupported inferences of high-severity fire in
historical dry forests of the western United States: response to Williams and Baker. Glob
Ecol Biogeogr 23:825-830

Gagnon PR, Platt WJ (2008) Multiple disturbances accelerate clonal growth in a potentially
monodominant bamboo. Ecology 89:612—-618

Ganz D, Troy A, Saah D (2007) Community Involvement in Wildfire Hazard Mitigation and
Management: Community Based Fire Management, Fire Safe Councils and Community
Wildfire Protection Plans. In: Kennedy R, Troy A (eds) Living on the Edge (Advances in
the Economics of Environmental Resources, Volume 6). JAI Press Limited, Oxford, UK, pp
143-164

Garibaldi A, Turner N (2004) Cultural keystone species: implications for ecological conservation
and restoration. Ecol Soc 9:

George B (2017) “Them old guys... they knew what to do”: Examining the impact of industry
collapse on two tribal reservations. Washingt Cent Equitable Growth Working Paper

164



Glaser BG, Strauss AL (2017) Discovery of grounded theory: Strategies for qualitative research.
Routledge, New York, New York

Goddard PE (1903) Life and Culture of the Hupa. University of California Press, Berkeley,
California

Goode RW (2014) Cultural Burn. News from Nativ Calif 27:30-39

Gosnell H, Abrams J (2011) Amenity migration: diverse conceptualizations of drivers,
socioeconomic dimensions, and emerging challenges. GeoJournal 76:303-322

Gottesfeld L (1994) Aboriginal burning for vegetation management in northwest British
Columbia. Hum Ecol 22:171-188

Gould R (1966) The wealth quest among the Tolowa Indians of northwestern California. Proc
Am Philos Soc 110:67-89

Gould R (1975) Ecology and adaptive response among the Tolowa Indians of Northwestern
California. J Calif Anthropol 2:

Graves HS (1920) The torch in the timber. Sunset 44:37—40, 80-90

Griffin D, Anchukaitis KJ (2014) How unusual is the 2012-2014 California drought? Geophys
Res Lett 41:9017-9023

Griffith A, McDowell K, Young RS (2007) Rivercane restoration project: recovering an
ecologically and culturally significant species (North Carolina). Ecol Restor 25:144-145

Grobey JH (1980) The Influence of Six Rivers National Forest timber harvest on salmon
fisheries: Forest Service allegations in search of scientific support. Trans West Sect Wildl
Soc 16:78-91

Guyette RP, Muzika R-M, Dey DC (2002) Dynamics of an anthropogenic fire regime.
Ecosystems 5:472-486

Hagmann RK, Franklin JF, Johnson KN (2013) Historical structure and composition of ponderosa
pine and mixed-conifer forests in south-central Oregon. For Ecol Manage 304:492-504

Halofsky JE, Donato DC, Hibbs DE, et al (2011) Mixed-severity fire regimes: lessons and
hypotheses from the Klamath-Siskiyou Ecoregion. Ecosphere 2:1-19

Halpern A (2016) Prescribed fire and tanoak (Notholithocarpus densiflorus) associated cultural
plant resources of the Karuk and Yurok Peoples of California. PhD Dissertation. UC
Berkeley, Berkeley, California

Hamelin C, Gagnon D, Truax B (2015) Aboveground biomass of glossy buckthorn is similar in
open and understory environments but architectural strategy differs. Forests 6:1083—-1093

165



Hamman ST, Dunwiddie PW, Nuckols JL, McKinley M (2011) Fire as a Restoration Tool in
Pacific Northwest Prairies and Oak Woodlands: Challenges, Successes, and Future
Directions. Northwest Sci 85:317-328. https://doi.org/10.3955/046.085.0218

Hammer R, Radeloff V, Fried J, Stewart S (2007) Wildland—urban interface housing growth
during the 1990s in California, Oregon, and Washington. Int J Wildl Fire 16:255-265

Hammett EJ, Ritchie MW, Berrill J-P (2017) Resilience of California black oak experiencing
frequent fire: regeneration following two large wildfires 12 years apart. Fire Ecol 13:91-103

Hankins D (2013) The effects of indigenous prescribed fire on riparian vegetation in central
California. Ecol Process 2:1-9

Harling W (2015) Learning together, burning together. Wildfire Mag 24:26-30

Harrington J (1932) Tobacco among the Karuk Indians of California. United States Government
Printing Office, Washington DC

Harrington T, Tappeiner J (2009) Long-term effects of tanoak competition on Douglas-fir stand
development. Can J For Res 39:765-776

Harris RR, Blomstrom G, Nakamura G (1995) Tribal self-governance and forest management at
the Hoopa Valley Indian reservation, Humboldt county, California. Am Indian Cult Res J
19:1-38

Hart-Fredeluces G, Ticktin T (2019) Fire, leaf harvest, and abiotic factors drive demography of
an ecologically and culturally important understory plant. Ecosphere 10:¢02813

Hartig F (2019) DHARMa: Residual Diagnostics for Hierarchical (Multi-Level/Mixed)
Regression Models. R package version 0.2.4. http://florianhartig.github.io/DHARMa/

Harvey D (2007) A Brief History of Neoliberalism. Oxford University Press, Oxford, UK

Heffner K (1984) “Following the Smoke”: Contemporary plant procurement by the Indians of
Northwest California. Manuscript on file, Heritage Resource Program, Six Rivers National
Forest, Eureka, California

Hejny J (2018) The Trump Administration and environmental policy: Reagan redux? J Environ
Stud Sci 8:197-211

Helvoigt TL, Adams DM (2009) A stochastic frontier analysis of technical progress, efficiency
change and productivity growth in the Pacific Northwest sawmill industry. For Policy Econ
11:280-287

Hibbard M, Lurie S (2013) The new natural resource economy: Environment and economy in
transitional rural communities. Soc Nat Resour 26:827-844

Hibbard M, Madsen J (2003) Environmental resistance to place-based collaboration in the US
West. Soc Nat Resour 16:703—-718

166



Hillman L, Salter JF (1997) Environmental management: American Indian knowledge and the
problem of sustainability. For Trees People Newsl 34:20-26

Hiner CC (2014) “Been-heres vs. come-heres” and other identities and ideologies along the rural—
urban interface: A comparative case study in Calaveras County, California. Land use policy
41:70-83

Hirt PW (1996) A Conspiracy of Optimism: Management of the national forests since World War
Two. University of Nebraska Press, Lincoln, Nebraska

Hopkins HE (1964) Management of Douglas-fir in northwestern California. J For 62:233-237

Hotelling WE (1978) My Life with the Kar-ooks, Miners, and Forestry. Kourier Press, Willow
Creek, California

Houtman RM, Montgomery CA, Gagnon AR, et al (2013) Allowing a wildfire to burn: estimating
the effect on future fire suppression costs. Int J Wildl Fire 22:871-882

Hudson M (2011) Fire management in the American West: forest politics and the rise of
megafires. University Press of Colorado, Boulder, Colorado

Hughes TP, Linares C, Dakos V, et al (2013) Living dangerously on borrowed time during slow,
unrecognized regime shifts. Trends Ecol Evol 28:149-155

Hummel S, Lake FK (2015) Forest site classification for cultural plant harvest by Tribal weavers
can inform management. J For 113:30-39

Hunter J, Barbour M (2001) Through-growth by Pseudotsuga menziesii: A mechanism for change
in forest composition without canopy gaps. J Veg Sci 12:445-452

Hunter JE (1988) Prescribed burning for cultural resources. Fire Manag Notes 49:8-9

Huntsinger L, Diekmann L (2010) Virtual reservation: Land distribution, natural resource access,
and equity on the Yurok forest. Nat Resour J 50:341-370

Huntsinger L, McCaffrey S (1995) A forest for the trees: Forest management and the Yurok
environment, 1850 to 1994. Am Indian Cult Res J 19:155-192

Hurwitz L, Bourque SD (2018) Killing the settler to save the human: The untidy work of
unsettling Klamath river. Fourth World J 17:28—40

Ingalsbee T (2017) Whither the paradigm shift? Large wildland fires and the wildfire paradox
offer opportunities for a new paradigm of ecological fire management. Int J Wildl Fire
26:557-561

Innes C, Anand M, Bauch CT (2013) The impact of human-environment interactions on the
stability of forest-grassland mosaic ecosystems. Sci Rep 3:.
https://doi.org/10.1038/srep02689

Jack KR (1916) An Indian’s view of burning, and a reply. Calif Fish Game J 2:194-196

167



Jakes PJ, Nelson KC, Enzler SA, et al (2011) Community wildfire protection planning: is the
Healthy Forests Restoration Act’s vagueness genius? Int J Wildl Fire 20:350-363

Jakes PJ, Sturtevant V (2013) Trial by fire: Community wildfire protection plans put to the test.
Int J Wildl Fire 22:1134-1143

Johnson EA, Gutsell SL (1994) Fire frequency models, methods and interpretations. Adv Ecol
Res 25:239-287

Johnson JT, Murton B (2007) Re/placing native science: Indigenous voices in contemporary
constructions of nature. Geogr Res 45:121-129

Johnson R, Marks CK (1997) Her Mind Made Up: Weaving Caps the Indian Way. Ron Johnson,
Humboldt State University, Arcata, California

Jones CG, Lawton JH, Shachak M (1997) Positive and negative effects of organisms as physical
ecosystem engineers. Ecology 78:1946-1957

Jones CG, Lawton JH, Shachak M (1994) Organisms as ecosystem engineers. Oikos 69:373—-86

Jones ET, Lynch KA (2007) Nontimber forest products and biodiversity management in the
Pacific Northwest. For Ecol Manage 246:29-37

Joshi O, Poudyal NC, Weir JR, et al (2019) Determinants of perceived risk and liability concerns
associated with prescribed burning in the United States. J Environ Manage 230:379-385

Jurney DH, Bragg DC, Coleman RE, Gonzalez B (2017) Lessons from a programmatic
agreement and heritage-based consultations between Tribes and the National Forests of
Arkansas and Oklahoma. J For 115:458-467

Kabacoff R (2015) R in Action: Data Analysis and Graphics with R. Manning Publications,
Shelter Island, New York

Kalies EL, Kent LLY (2016) Tamm Review: Are fuel treatments effective at achieving ecological
and social objectives? A systematic review. For Ecol Manage 375:84-95

Kallenbach E (2009) The California Indian Basketweavers Association: Advocates for the use of
museum collections by contemporary weavers. Museum Anthropol Rev 3:1-13

Karuk Tribe (2013) Practicing Pikyav: A Guiding Policy for Research Collaborations with the
Karuk Tribe. Happy Camp, California

Karuk Tribe Department of Natural Resources (2011) Eco-Cultural Resource Management Plan.
Orleans, California

Karuk Tribe, Hillman L, Hillman L, et al (2017) Building Sipnuuk: A digital library, archives,
and museum for indigenous peoples. Collect Manag 42:294-316

168



Kauffman JB, Martin RE (1990) Sprouting shrub response to different seasons and fuel
consumption levels of prescribed fire in Sierra Nevada mixed conifer ecosystems. For Sci
36:748-764

Keeley JE (2006) Fire severity and plant age in postfire resprouting of woody plants in sage scrub
and chaparral. Madrono 53:373-380

Keeley JE, Brennan T, Pfaff AH (2008) Fire severity and ecosytem responses following crown
fires in California shrublands. Ecol Appl 18:1530-1546

Kelly EC, Bliss JC, Gosnell H (2013) The Mazama returns: the politics and possibilities of tribal
land reacquisition. J Polit Ecol 20:429—443

Kelly EC, Charnley S, Pixley JT (2019) Polycentric systems for wildfire governance in the
Western United States. Land use policy §9:104214

Kepe T (2005) Grasslands ablaze: Vegetation burning by rural people in Pondoland, South
Africa. South African Geogr J 87:10—17. https://doi.org/10.1080/03736245.2005.9713821

Kie JG (1984) Deer habitat use after prescribed burning in northern California. Res. Note PSW-
RN-369. USDA Forest Service, Pacific Southwest Forest and Range Experiment Station,
Berkeley, California

Kimmerer RW (2011) Restoration and reciprocity: the contributions of traditional ecological
knowledge. In: Egan D, Hjerpe E, Abrams J (eds) Human Dimensions of Ecological
Restoration. Springer, New York, pp 257-276

Kimmerer RW (2013a) The fortress, the river and the garden: A new metaphor for cultivating
mutualistic relationship between scientific and traditional ecological knowledge. In:
Kulnieks A, Longboat D, Young K (eds) Contemporary studies in environmental and
Indigenous pedagogies. SensePublishers, Rotterdam, pp 49-76

Kimmerer RW (2013b) Braiding Sweetgrass: Indigenous wisdom, scientific knowledge and the
teachings of plants. Milkweed Editions, Minneapolis, Minnesota

Kimmerer RW, Lake FK (2001) The role of indigenous burning in land management. J For
99:3641

King MA (2007) Co-Management or contracting? Agreements between Native American Tribes
and the US National Park Service pursuant to the 1994 Tribal Self-Governance Act. Harv
Envtl L Rev 31:475-530

Kitzberger T, Ardoz E, Gowda JH, et al (2012) Decreases in fire spread probability with forest
age promotes alternative community states, reduced resilience to climate variability and

large fire regime shifts. Ecosystems 15:97-112

169



Klimaszewski-Patterson A, Mensing SA (2016) Multi-disciplinary approach to identifying Native
American impacts on Late Holocene forest dynamics in the southern Sierra Nevada range,
California, USA. Anthropocene 15:37-48

Knapp EE, Estes BL, Skinner CN (2009) Ecological effects of prescribed fire season: a literature
review and synthesis for managers. Gen. Tech. Rep. PSW-GTR-224. USDA Forest Service,
Pacific Southwest Research Station, Albany, California

Knapp EE, Skinner CN, North MP, Estes BL (2013) Long-term overstory and understory change
following logging and fire exclusion in a Sierra Nevada mixed-conifer forest. For Ecol
Manage 310:903-914

Kobziar LN, Rocca ME, Dicus CA, et al (2009) Challenges to educating the next generation of
wildland fire professionals in the United States. J For 107:339-345

Kolden CA (2019) We’re not doing enough prescribed fire in the Western United States to
mitigate wildfire risk. Fire 2:30

Konstantinidis P, Tsiourlis G, Xofis P (2006) Effect of fire season, aspect and pre-fire plant size
on the growth of Arbutus unedo L.(strawberry tree) resprouts. For Ecol Manage 225:359—
367

Kramer HA, Mockrin MH, Alexandre PM, Radeloff VC (2019) High wildfire damage in interface
communities in California. Int J Wildl fire 28:641-650

Kroeber AL (1925) Handbook of the Indians of California. US Government Printing Office,
Smithsonian Institution, Washington DC

Kroeber AL (1978) Yurok myths. University of California Press, Berkeley, California

Kroeber AL (1936) Karok Towns. University of California Press, Berkeley, California

Kroeber AL, Gifford EW (1949) World Renewal: A Cult System of Native Northwest California.
Univ Calif Anthropol Rec 13:1-155

Kroeber AL, Gifford EW (1980) Karok myths. University of California Press, Berkeley,
California

Lake FK (2013) Trails, trials and tribulations: Tribal resource management and research issues in
northern California. Occasion 5:1-22

Lake FK (2011) Working with American Indian tribes on wildland fires: protecting cultural
heritage sites in northwestern California. Fire Manag Today 71:14-21

Lake FK (2007) Traditional Ecological Knowledge to Develop and Maintain Fire Regimes in
Northwestern California, Klamath-Siskiyou Bioregion: Management and Restoration of
Culturally Significant Habitats. PhD Dissertation. Oregon State University, Corvallis,
Oregon

170



Lake FK, Christianson AC (2019) Indigenous Fire Stewardship. In: Manzello S (ed)
Encyclopedia of Wildfires and Wildland-Urban Interface (WUI) Fires. Springer, Cham,
Switzerland, p 9

Lake FK, Parrotta J, Giardina CP, et al (2018) Integration of traditional and Western knowledge
in forest landscape restoration. In: Mansourian S, Parrotta J (eds) Forest Landscape
Restoration: Integrated approaches to support effective implementation. Routledge,
Abingdon-on-Thames, UK, pp 214-242

Lake FK, Wright V, Morgan P, et al (2017) Returning fire to the land—celebrating traditional
knowledge and fire. J For 115:343-353

LaLande J, Pullen R (1999) Burning for a “Fine and Beautiful Open Country”: Native uses of fire
in southwestern Oregon. In: Boyd R (ed) Indians, fire and the land in the Pacific Northwest.
Oregon State University Press, Corvallis, Oregon, pp 255-276

Lang J (1994) Ararapikva: Creation Stories of the People: Traditional Karuk Indian Literature
from Northwestern California. Heyday Press, Berkeley, California

Lang J (1991) The basket and world renewal. Parabola 16:83—-85

Laris P (2011) Humanizing savanna biogeography: Linking human practices with ecological
patterns in a frequently burned savanna of southern Mali. Ann Assoc Am Geogr 101:1067—
1088

Larsen SC, Foulkes M, Sorenson CJ, Thompson A (2011) Environmental learning and the social
construction of an exurban landscape in Fremont County, Colorado. Geoforum 42:83-93

Larson AM, Soto F (2008) Decentralization of natural resource governance regimes. Annu Rev
Environ Resour 33:213-239

Lathrop EW, Martin BD (1982) Fire ecology of deergrass (Muhlenbergia rigens) in Cuyamaca
Rancho State Park, California. Crossosoma 5:1-10

Laudenslayer WF, Darr HH (1990) Historical effects of logging on forests of the Cascade and
Sierra Nevada Ranges of California. Trans West Sect Wildl Soc 26:12-23

Lauvaux CA, Skinner CN, Taylor AH (2016) High severity fire and mixed conifer forest-
chaparral dynamics in the southern Cascade Range, USA. For Ecol Manage 363:74-85

Lawrence G, Biswell H (1972) Effect of forest manipulation on deer habitat in Giant Sequoia. J
Wildl Manage 36:595-605

LeBeau M (1998) Federal land management agencies and California Indians: a proposal to

protect native plant species. Environs Envtl L Pol’y J 21:27-47

171



LeCompte J (2018) Restoration, Risk, and the (Non) Reintroduction of Coast Salish Fire
Ecologies in Washington State. In: Fowler C, Welch J (eds) Fire Otherwise: Ethnobiology
of burning for a changing world. University of Utah Press, pp 128—150

Leeper J (1990) Humboldt County: Its role in the Emerald Triangle. Calif Geogr 30:93—-109

Leeuw S De, Cameron ES, Greenwood ML (2012) Participatory and community-based research,
Indigenous geographies, and the spaces of friendship: A critical engagement. Can Geogr
56:180-194

Leiberg JB (1902) Forest conditions in the northern Sierra Nevada, California. US Government
Printing Office, Washington, D.C., USA

Lemmon PE (1956) A spherical densiometer for estimating forest overstory density. For Sci
2:314-320

Lenth R (2018) Emmeans: Estimated marginal means, aka least-squares means. R package
version 1.4.6. https://cran.r-project.org/web/packages/emmeans/index.html

Lentile LB, Smith FW, Shepperd WD (2005) Patch structure, fire-scar formation, and tree
regeneration in a large mixed-severity fire in the South Dakota Black Hills, USA. Can J For
Res 35:2875-2885

Leopold A (1920) “Piute forestry” vs. forest fire prevention. Southwest Mag 2:12—-13

Levy S (2005) Rekindling native fires. Bioscience 55:303-308

Lewis H (1993) Patterns of Indian Burning in California: Ecology and Ethnohistory. In:
Blackburn TC, Anderson MK (eds) Before the wilderness: Environmental management by
Native Californians. Ballena Press, Menlo Park, California, pp 55-116

Lewis H, Ferguson TA (1988) Yards, corridors, and mosaics: How to burn a boreal forest. Hum
Ecol 16:57-77. https://doi.org/10.1007/BF01262026

Lewis M, Christianson A, Spinks M (2018) Return to flame: Reasons for burning in Lytton First
Nation, British Columbia. J For 116:143-150

Liebmann MJ, Farella J, Roos CI, et al (2016) Native American depopulation, reforestation, and
fire regimes in the Southwest United States, 1492-1900 CE. Proc Natl Acad Sci 113:E696—
E704

Lightfoot K (2005) Indians, Missionaries, and Merchants: The Legacy of Colonial Encounters on
the California Frontiers. University of California Press, Berkeley, California

Lightfoot K, Cuthrell RQ, Striplen CJ, Hylkema MG (2013) Rethinking the study of landscape
management practices among hunter-gatherers in North America. Am Antiq 78:1-17.

Lightfoot K, Parrish O (2009) California Indians and Their Environment: An Introduction.

University of California Press, Berkeley, California

172



Lightfoot S (2016) Global Indigenous Politics: A Subtle Revolution. Routledge, Abingdon-on-
Thames, UK

Little Jr EL (1971) Atlas of United States Trees. Volume 1. Conifers and Important Hardwoods.
USDA Forest Service, Washington, DC

Liu J, Dietz T, Carpenter SR, et al (2007) Coupled human and natural systems. Ambio a J Hum
Environ 36:639-650

Lloret F, Lopez-Soria L (1993) Resprouting of Erica multiflora after experimental fire treatments.
J Veg Sci 4:367-374

Loffler R, Steinicke E (2006) Counterurbanization and its socioeconomic effects in high
mountain areas of the Sierra Nevada (California/Nevada). Mt Res Dev 26:64-71

Long J, Anderson MK, Quinn-Davidson LN, et al (2016) Restoring California black oak
ecosystems to promote tribal values and wildlife. Gen. Tech. Rep. PSWGTR-252. Albany,
CA: USDA Forest Service, PSW Research Station

Long J, Gray A, Lake F (2018a) Recent trends in large hardwoods in the Pacific Northwest, USA.
Forests 9:651

Long J, Lake F (2018) Escaping social-ecological traps through tribal stewardship on national
forest lands in the Pacific Northwest, United States of America. Ecol Soc 23:10

Long J, Lake FK, Lynn K, Viles C (2018b) Tribal ecocultural resources and engagement. In:
Spies TA, Stine PA, Gravenmier R, et al. (eds) Synthesis of science to inform land
management within the Northwest Forest Plan area. Gen. Tech. Rep. PNW-GTR-966.
USDA Forest Service PNW Research Station, Portland, Oregon, pp 851-917

Long RA, Rachlow JL, Kie JG, Vavra M (2008) Fuels reduction in a western coniferous forest:
effects on quantity and quality of forage for elk. Rangel Ecol Manag 61:302-313

Lucero SA, Tamez S (2017) Working together to implement the Tribal Forest Protection Act of
2004: Partnerships for today and tomorrow. J For 115:468-472

Liidecke D (2019) sjPlot: Data visualization for statistics in social science. R package version
2.7.0. https://cran.r-project.org/package=sjPlot

Madley B (2016) An American Genocide: The United States and the California Indian
Catastrophe, 1846-1873. Yale University Press, New Haven, Connecticut

Magnusson A, Skaug H, Nielsen A, et al (2017) glmmTMB: generalized linear mixed models
using template model builder. R package version 0.1

Mallek C, Safford H, Viers J, Miller J (2013) Modern departures in fire severity and area vary by
forest type, Sierra Nevada and southern Cascades, California, USA. Ecosphere 4:1-28

173



Manning BRM, Reed K (2019) Returning the Yurok Forest to the Yurok Tribe: California’s First
Tribal Carbon Credit Project. Stanford Environ Law J 39:71-124

Marks-Block T, Lake FK, Curran LM (2019) Effects of understory fire management treatments
on California Hazelnut, an ecocultural resource of the Karuk and Yurok Indians in the
Pacific Northwest. For Ecol Manage 450:117517.
https://doi.org/10.1016/j.foreco.2019.117517

Marlon J, Bartlein P, Gavin D, et al (2012) Long-term perspective on wildfires in the western
USA. Proc Natl Acad Sci U S A 109:E535-E543

Martin RE, Sapsis DB (1992) Fires as agents of biodiversity: pyrodiversity promotes biodiversity.
In: Harris RR, Erman DC, Kerner HM (eds) Proceedings of the Symposium on Biodiversity
of Northwestern California: October 28 - 30, 1991, Santa Rosa, California. Wildland
Resources Center, Division of Agriculture and Natural Resources, University of California,
Berkeley, California, pp 150-157

Marx K (1967) Capital: Volume 1. International Publishers Co, New York, New York

Mason L, White G, Morishima G, et al (2012) Listening and learning from traditional knowledge
and Western science: A dialogue on contemporary challenges of forest health and wildfire. J
For 110:187-193

Mason OT, Coville FV (1904) Aboriginal American basketry: studies in a textile art without
machinery. US Government Printing Office, Washington DC

Mathewson MS (2007) California Indian basketweavers and the landscape. In: Li JL (ed) To
harvest, to hunt : stories of resource use in the American West. Oregon State University
Press, Corvallis, Oregon, pp 40-56

Mathewson MS (1998) The living web: contemporary expressions of California Indian basketry.
PhD Dissertation. University of California, Berkeley

Mazzocchi F (2006) Western science and traditional knowledge: Despite their variations,
different forms of knowledge can learn from each other. EMBO Rep 7:463-466

McCarthy H (1993) Managing oaks and the acorn crop. In: Blackburn T, Anderson M (eds)
Before the Wilderness: Environmental Management by Native Californians. Ballena Press,
Menlo Park, California, pp 213228

McCarthy J (2005) Devolution in the woods: Community forestry as hybrid neoliberalism.
Environ Plan A 37:995-1014

McCovey M, Salter JF (2009) Medicine Trails: A Life in Many Worlds: Heyday Press, Berkeley,

California

174



McDonald PM (1969) Silvical characteristics of California black oak (Quercus kelloggii Newb.).
Res. Paper PSW-RP-53. USDA Forest Service, Pacific Southwest Forest and Range
Experiment Station, Berkeley, California

McDonald PM, Tappeiner JC (2002) California’s Hardwood Resource: Seeds, seedlings, and
sprouts of three important forest-zone species. Gen. Tech. Rep. PSW-GTR-185. Albany,
California

McEvoy AF (1986) The Fisherman’s Problem: Ecology and Law in the California Fisheries,
1850-1980. Cambridge University Press, Cambridge, United Kingdom

McKenzie D, Miller C, Falk DA (2011) Toward a theory of landscape fire. In: The Landscape
Ecology of Fire. Springer, New York, New York, pp 3-25

McLaughlin A, Glaze L (2008) Gathering Hazel. In: Karuk Tribe News.
http://karuk.us/images/docs/newsletters/SummerO8Newsletter.pdf. Accessed 9 Jul 2018

Merchant C (1983) The Death of Nature: Women, ecology, and scientific revolution. Harper &
Row Publishers, San Francisco, California

Middleton BR (2015) Jahat Jat’totddom: toward an indigenous political ecology. In: Bryant RL
(ed) The International Handbook of Political Ecology. Edward Elgar Publishing,
Northampton, Massachusetts, pp 561-576

Middleton BR (2011) Trust in the Land: New Directions in Tribal Conservation. University of
Arizona Press, Tucson, Arizona

Mies M (2014) Patriarchy and Accumulation on a World Scale: Women in the International
Division of Labour. Zed Books Ltd., London, United Kingdom

Miller J, Safford H (2012) Trends in wildfire severity: 1984 to 2010 in the Sierra Nevada, Modoc
Plateau, and southern Cascades, California, USA. Fire Ecol 8:41-57

Miller JD, Skinner CN, Safford HD, et al (2012) Trends and causes of severity, size, and number
of fires in northwestern California, USA. Ecol Appl 22:184-203

Miller LK (2017) Native American land ownership in California’s National Forests. For Hist
Today 23:3-13

Miller RK, Field CB, Mach KJ (2020) Barriers and enablers for prescribed burns for wildfire
management in California. Nat Sustain 3:101-109.

Mistry J, Schmidt IB, Eloy L, Bilbao B (2019) New perspectives in fire management in South
American savannas: the importance of intercultural governance. Ambio 48:172—-179

Mockta TK, Fulé PZ, Meador AS, et al (2018) Sustainability of culturally important teepee poles
on Mescalero Apache Tribal Lands: Characteristics and climate change effects. For Ecol

Manage 430:250-258

175



Moerman DE (1998) Native American Ethnobotany. Timber Press, Portland, Oregon

Moore JW (2015) Capitalism in the Web of Life: Ecology and the Accumulation of Capital.
Verso Books, Brooklyn, New York

Moreton-Robinson A (2015) The white possessive: Property, power, and indigenous sovereignty.
University of Minnesota Press, Minneapolis, Minnesota

Morgan T, Keegan C, Dillon T, et al (2004) California’s forest products industry: A descriptive
analysis. PNW-GTR-615. USDA Forest Service, Pacific Northwest Research Station,
Portland, Oregon

Moritz MA, Batllori E, Bradstock RA, et al (2014) Learning to coexist with wildfire. Nature
515:58-66

Moseley C, Charnley S (2014) Understanding micro-processes of institutionalization:
Stewardship contracting and national forest management. Policy Sci 47:69-98

Muir J (2008) The Mountains of California. Penguin, London, United Kingdom

Mukherjee S (2019) Yurok chairman addresses members of Congress about tribal needs. Eureka
Times-Standard, Eurcka, California. March 7

Muldavin J (2019) This California Tribe is Fighting Wildfire with Fire. AJ+, USA.
https://www.youtube.com/watch?v=Mby72d2Vz30&t=435s

Murphy B, Bowman D (2007) The interdependence of fire, grass, kangaroos and Australian
Aborigines: a case study from central Arnhem Land, northern Australia. J Biogeogr 34:237—
250

Myers F (2019) Testimony Regarding Natural Solutions to Cutting Pollution and Building
Resilience. US House of Representatives, Washington DC, October 22.

Nabhan GP, Martinez D (2012) Traditional ecological knowledge and endangered species
recovery: Is ethnobiology for the birds? J Ethnobiol 32:1-6

Nadasdy P (1999) The politics of TEK: Power and the “integration” of knowledge. Arctic
Anthropol 36:1-18

Nadasdy P (2005) The anti-politics of TEK: the institutionalization of co-management discourse
and practice. Anthropologica 47:215-232

Nadasdy P (2017) Sovereignty’s entailments: First Nation state formation in the Yukon.
University of Toronto Press, Toronto, Canada

Neale T, Carter R, Nelson T, Bourke M (2019) Walking together: a decolonising experiment in
bushfire management on Dja Dja Wurrung country. Cult Geogr 26:341-359.

Nelson B (1978) Our Home Forever: A Hupa Tribal History. Hupa Tribe, Hoopa, California

176



Nemens DG, Varner JM, Dunwiddie PW (2019) Resilience of Oregon white oak to reintroduction
of fire. Fire Ecol 15:1-13

Nemens DG, Varner JM, Kidd KR, Wing B (2018) Do repeated wildfires promote restoration of
oak woodlands in mixed-conifer landscapes? For Ecol Manage 427:143—-151

Nigh R, Diemont SAW (2013) The Maya milpa: fire and the legacy of living soil. Front Ecol
Environ 11:e45-e54

Norgaard KM (2019) Salmon and Acorns Feed Our People: Colonialism, Nature, and Social
Action. Rutgers University Press, New Brunswick, New Jersey

Norgaard KM (2007) The politics of invasive weed management: Gender, race, and risk
perception in rural California. Rural Sociol 72:450—477

Norgaard KM (2014) The politics of fire and the social impacts of fire exclusion on the Klamath.
Humboldt J Soc Relat 36:77-101

North M, Collins BM, Stephens S (2012) Using fire to increase the scale, benefits, and future
maintenance of fuels treatments. J For 110:392-401

North MP, Stephens SL, Collins BM, et al (2015) Reform forest fire management. Science
349:1280-1281

Norton J (1979) Genocide in Northwestern California: When our worlds cried. Indian Historian
Press, San Francisco, California

O’Brien MH (1990) NEPA as it was meant to be: NCAP v. Block, herbicides, and Region 6
Forest Service. Environ Law 20:735-745

O’Neale L (1932) Yurok-Karok Basket Weavers. University of California Press, Berkeley,
California

Odion DC, Frost EJ, Strittholt JR, et al (2004) Patterns of fire severity and forest conditions in the
western Klamath Mountains, California. Conserv Biol 18:927-936

Odion DC, Moritz MA, Dellasala DA (2010) Alternative community states maintained by fire in
the Klamath Mountains, USA. J Ecol 98:96-105

Odling-Smee J, Erwin DH, Palkovacs EP, et al (2013) Niche Construction Theory: A Practical
Guide for Ecologists. Q Rev Biol 88:3-28.

Ortiz B (1993) Contemporary California Indian basketweavers and the environment. In:
Blackburn TC, Anderson MK (eds) Before the wilderness: Environmental management by
Native Californians. Ballena Press, Menlo Park, California, pp 195-211

Ortiz B (1998) Following the smoke: Karuk indigenous basketweavers and the forest service.

News from Nativ Calif 11:21-29

177



Ostrom E (2010) Beyond markets and states: polycentric governance of complex economic
systems. Am Econ Rev 100:641-672

Paritsis J, Veblen TT, Holz A (2015) Positive fire feedbacks contribute to shifts from Nothofagus
pumilio forests to fire-prone shrublands in Patagonia. J Veg Sci 26:89-101

Parker AJ (2002) Fire in Sierra Nevada forests: evaluating the ecological impact of burning by
Native Americans. In: Vale T (ed) Fire, Native Peoples, and the Natural Landscape. Island
Press Washington, DC, pp 233-267

Parks SA, Holsinger LM, Miller C, Nelson CR (2015) Wildland fire as a self-regulating
mechanism: the role of previous burns and weather in limiting fire progression. Ecol Appl
25:1478-1492

Parsons DJ, DeBenedetti SH (1979) Impact of fire suppression on a mixed-conifer forest. For
Ecol Manage 2:21-33

Paveglio TB, Jakes PJ, Carroll MS, Williams DR (2009) Understanding social complexity within
the wildland—urban interface: a new species of human habitation? Environ Manage
43:1085-1095

Pawlikowski NC, Coppoletta M, Knapp E, Taylor AH (2019) Spatial dynamics of tree group and
gap structure in an old-growth ponderosa pine-California black oak forest burned by
repeated wildfires. For Ecol Manage 434:289-302

Pelc BD, Montgomery RA, Reich PB (2011) Frequency and timing of stem removal influence
Corylus americana resprout vigor in oak savanna. For Ecol Manage 261:136-142

Perry DA, Hessburg PF, Skinner CN, et al (2011) The ecology of mixed severity fire regimes in
Washington, Oregon, and Northern California. For Ecol Manage 262:703-717

Perry GLW, Enright NJ (2002) Humans, fire and landscape pattern: understanding a maquis-
forest complex, Mont Do, New Caledonia, using a spatial ‘state-and-transition’model. J
Biogeogr 29:1143—-1158

Peter DH, Harrington TB, Thompson M (2017) Effects of the light environment and stand history
on beargrass (Xerophyllum tenax) morphology and demography. Northwest Sci 91:367-382

Peters JG, Ortiz B (2010) After the First Full Moon in April: A Sourcebook of Herbal Medicine
from a California Indian Elder. Left Coast Press, Walnut Creek, California

Petraitis P, Latham R (1999) The importance of scale in testing the origins of alternative
community states. Ecology 80:429-442

Pettorelli N, Vik JO, Mysterud A, et al (2005) Using the satellite-derived NDVI to assess

ecological responses to environmental change. Trends Ecol Evol 20:503-510

178



Petty AM, deKoninck V, Orlove B (2015) Cleaning, protecting, or abating? Making Indigenous
fire management “work” in Northern Australia. J Ethnobiol 35:140-162

Pickett STA, Kempf JS (1980) Branching patterns in forest shrubs and understory trees in relation
to habitat. New Phytol 86:219-228

Pincetl SS (2003) Transforming California: A political history of land use and development. John
Hopkins University Press, Baltimore, Maryland

Platten S, Henfrey T (2009) The cultural keystone concept: insights from ecological
anthropology. Hum Ecol 37:491-500

Power MJ, Codding BF, Taylor AH, et al (2018) Human legacies on ecological landscapes. Front
Earth Sci 6:151

PRISM Climate Group Oregon State University 30-year Normal Precipitation Data (1981 -
2010). http://prism.oregonstate.edu. Accessed 1 Aug 2019

Prudham WS (1998) Timber and town: Post-war federal forest policy, industrial organization, and
rural change in Oregon’s Illinois Valley. Antipode 30:177-196

Pullen RJ (1996) Overview of the environment of native inhabitants of southwestern Oregon, late
prehistoric era. US Bureau of Land Managment, Medford, Oregon

Pyne S (1982) Fire in America. A cultural history of wildland and rural fire. Princeton University
Press, Princeton, New Jersey

Pyne S (2004) Tending Fire: Coping with America’s Wildland Fires. Island Press, Washington
DC

Pyne SJ (2016) California: A Fire Survey. University of Arizona Press, Tucson, Arizona

Quinn-Davidson LN, Varner JM (2012) Impediments to prescribed fire across agency, landscape
and manager: An example from northern California. Int J Wildl Fire 21:210-218

R Core Team (2014) R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria.

Raphael R, House F (2007) Two Peoples, One Place. Humboldt County Historical Society for the
Writing Humboldt History Project, Eureka, California

Rawls JJ (1986) Indians of California: The changing image. University of Oklahoma Press,
Norman, Oklahoma

Rentz ED (2003) Effects of Fire on Plant Anatomical Structure in Native Californian Basketry
Materials. Masters Thesis. San Francisco State University, San Francisco, California

Rhoades CC, Fornwalt PJ (2015) Pile burning creates a fifty-year legacy of openings in
regenerating lodgepole pine forests in Colorado. For Ecol Manage 336:203-209

179



Riley-Thron KL (2001) Forest, fire, home: Experiences with wildfire in the Klamath Mountains
of northern California. Masters Thesis. Humboldt State University, Arcata, California

Robbins M, McConnell D, Stauffer R (2016) Indigenous Peoples Burning Network (IPBN).
Conservation Gateway (The Nature Conservancy).
https://www.conservationgateway.org/ConservationPractices/FireLandscapes/FireLearning
Network/RegionalNetworks/Documents/IPBN-Poster-Apr2016.pdf. Accessed 9 Jul 2018

Robbins P (2011) Political ecology: A critical introduction. John Wiley & Sons, San Francisco,
California

Roberts J (2013) “What are we protecting out here?” A political ecology of forest, fire, and fuels
management in Utah’s wildland-urban interface. Capital Nat Social 24:58-76

Roberts SL, van Wagtendonk JW, Miles AK, Kelt DA (2011) Effects of fire on spotted owl site
occupancy in a late-successional forest. Biol Conserv 144:610-619

Robinson CJ (2000) Black Marxism: The Making of the Black Radical Tradition. University of
North Carolina Press, Chapel Hill, North Carolina

Roos CI, Scott AC, Belcher CM, et al (2016) Living on a flammable planet: Interdisciplinary,
cross-scalar and varied cultural lessons, prospects and challenges. Phil Trans R Soc B
371:20150469

Roos CI, Williamson GJ, Bowman DMJS (2019) Is anthropogenic pyrodiversity invisible in
paleofire records? Fire 2:42

Rossmann R (2020) Sonoma County’s Measure G would increase sales tax to strengthen
firefighting network. The Press Democrat, Santa Rosa, California. January 12

Russell-Smith J, Cook G (2013) Managing fire regimes in north Australian savannas: applying
Aboriginal approaches to contemporary global problems. Front Ecol Environ 11:e55-e63

Ryan KC, Knapp EE, Varner JM (2013) Prescribed fire in North American forests and
woodlands: History, current practice, and challenges. Front Ecol Environ 11:e15-e24

Salberg TA (2005) Hazel fuels reduction project: Integrating cultural resource management and
hazardous fuels reduction. Evergr. Mag. Winter:72-73

Salter JF (1982) Shadow Forks: A small community’s relationship to ecology and regulation.
Dissertation. UC Santa Cruz, Santa Cruz, California

Sarna-Wojcicki D, Sowerwine J, Hillman L, et al (2019) Decentering watersheds and
decolonising watershed governance: Towards an ecocultural politics of scale in the Klamath
Basin. Water Altern 12:241-266

Sarna-Wojcicki DR (2014) Ethics and epistemology: Giving back in the Klamath. J Res Pract
10:N21-N21

180



Scanlon H, Quinn-Davidson L (2019) Leading From Behind: The role of agency managers in
enabling widespread change. In: Northern California Prescribed Fire Council Annual
Meeting. Eureka, California

Scheffer M, Carpenter SR (2003) Catastrophic regime shifts in ecosystems: linking theory to
observation. Trends Ecol Evol 18:648-656

Schenck SM, Gifford EW (1952) Karok ethnobotany. Anthropol Rec 13:377-392

Scherjon F, Bakels C, MacDonald K, Roebroeks W (2015) Burning the Land: An ethnographic
study of off-site fire use by current and historically documented foragers and implications
for the interpretation of past fire practices in the landscape. Curr Anthropol 56:299-326

Schoennagel T, Balch JK, Brenkert-Smith H, et al (2017) Adapt to more wildfire in western
North American forests as climate changes. Proc Natl Acad Sci 114:4582-4590

Schoennagel T, Nelson CR, Theobald DM, et al (2009) Implementation of National Fire Plan
treatments near the wildland—urban interface in the western United States. Proc Natl Acad
Sci 106:10706-10711

Scholl AE, Taylor AH (2010) Fire regimes, forest change, and self-organization in an old-growth
mixed-conifer forest, Yosemite National Park, USA. Ecol Appl 20:362-380

Schrepfer SR (1983) The Fight to Save the Redwoods: A History of Environmental Reform,
1917-1978. University of Wisconsin Press, Madison, Wisconsin

Schriver M, Sherriff RL, Varner JM, et al (2018) Age and stand structure of oak woodlands along
a gradient of conifer encroachment in northwestern California. Ecosphere 9:¢02446

Schubert GH (1950) Control of sprouting of Tanoak and Madrone stumps. For Res Notes Calif
For Range Exp Stn 74:1-2

Schultz CA, Huber-Stearns H, McCaffrey S, et al (2018) Prescribed Fire Policy Barriers and
Opportunities: A diversity of challenges and strategies across the West. University of
Oregon, Ecosystem Workforce Program Working Paper 86. Eugene, Oregon

Schultz CA, Moseley C (2019) Collaborations and capacities to transform fire management.
Science 366:38—40

Schultz CA, Moseley C, Mattor K (2015) Striking the balance between budgetary discretion and
performance accountability: the case of the US Forest Service’s approach to integrated
restoration. J Nat Resour Policy Res 7:109-123

Schwilk DW, Caprio AC (2011) Scaling from leaf traits to fire behaviour: Community

composition predicts fire severity in a temperate forest. J Ecol 99:970-980

181



Schwilk DW, Keeley JE, Knapp EE, et al (2009) The national fire and fire surrogate study:
Effects of fuel reduction methods on forest vegetation structure and fuels. Ecol Appl
19:285-304

Scott-Goforth G (2013) Lessons in the Ashes. North Coast Journal, Eureka, California. August 8

Scott JC (1998) Seeing like a state: How certain schemes to improve the human condition have
failed. Yale University Press, New Haven, Connecticut

Segawa R, Bradley A, Lee P, et al (1997) Residues of forestry herbicides in plants of importance
to California Native Americans. Bull Environ Contam Toxicol 59:556-563

Seijo F, Gray R (2012) Pre-industrial anthropogenic fire regimes in transition: The case of Spain
and its implications for fire governance in Mediterranean type biomes. Hum Ecol Rev 58—
69

Seijo F, Millington JDA, Gray R, et al (2015) Forgetting fire: Traditional fire knowledge in two
chestnut forest ecosystems of the Iberian Peninsula and its implications for European fire
management policy. Land use policy 47:130-144

Senos R, Lake FK, Turner N, Martinez D (2006) Traditional ecological knowledge and
restoration practice. In: Apostol D, Sinclair M (eds) Restoring the Pacific Northwest: The
art and science of ecological restoration in Cascadia. Island Press, Washington DC, pp 393—
426

Shanks RC (2006) Indian Baskets of Central California: Art, Culture, and History. Costafio
Books, Novato, CA

Shebitz DJ (2005) Weaving traditional ecological knowledge into the restoration of basketry
plants. J Ecol Anthropol 9:51-68

Shebitz DJ, Kimmerer RW (2005) Reestablishing roots of a Mohawk community and a culturally
significant plant: Sweetgrass. Restor Ecol 13:257-264

Shebitz DJ, Reichard SH, Dunwiddie PW (2009) Ecological and cultural significance of burning
beargrass habitat on the Olympic peninsula, Washington. Ecol Restor 27:306-319

Sheuyange A, Oba G, Weladji RB (2005) Effects of anthropogenic fire history on savanna
vegetation in northeastern Namibia. J Environ Manage 75:189-98

Shoemaker JA (2003) Like snow in the spring time: Allotment, fractionation, and the Indian land
tenure problem. Wis L Rev 729

Show SB, Kotok EI (1924) The role of Fire in the California Pine Forests. US Department of
Agriculture, Washington DC

182



Siefkin N, Arguello L, Kalt J (2002) Fire management of hazel for California Indian
basketweaving. Paper presented at the Association for Fire Ecology Meeting, San Diego,
California.

Simon GL (2017) Flame and Fortune in the American West: Urban development, environmental
change, and the great Oakland hills fire. Univ of California Press

Simon GL (2014) Vulnerability-in-production: A spatial history of nature, affluence, and fire in
Oakland, California. Ann Assoc Am Geogr 104:1199-1221

Simon GL, Dooling S (2013) Flame and fortune in California: The material and political
dimensions of vulnerability. Glob Environ Chang 23:1410-1423

Simpson LB (2011) Dancing on Our Turtle’s Back: Stories of Nishnaabeg Re-creation,
Resurgence and a New Emergence. Arbeiter Ring Pub., Winnipeg, Canada

Simpson LB (2017) As We Have Always Done: Indigenous Freedom Through Radical
Resistance. University of Minnesota Press, Minneapolis, Minnesota

Six Rivers National Forest Heritage Program (1983) Cultural Resource Interview 346. USDA
Forest Service. Arcata, California

Skinner CN (1995) Change in spatial characteristics of forest openings in the Klamath Mountains
of northwestern California, USA. Landsc Ecol 10:219-228

Skinner CN, Abbott C, Fry D, et al (2009) Human and climatic influences on fire occurrence in
California’s North Coast Range, USA. Fire Ecol 5:73-96

Skinner CN, Taylor AH, Agee JK, et al (2006) Klamath mountains bioregion. In: Sugihara NG,
Wagtendonk J Van, Fites-Kaufman J, et al. (eds) Fire in California’s Ecosystems.
University of California Press, Berkeley, California, pp 170-194

Sletto B, Rodriguez I (2013) Burning, fire prevention and landscape productions among the
Pemon, Gran Sabana, Venezuela: Toward an intercultural approach to wildland fire
management in Neotropical Savannas. J Environ Manage 115:155-166

Smith BD (2011) General patterns of niche construction and the management of “wild” plant and
animal resources by small-scale pre-industrial societies. Philos Trans R Soc Lond B Biol Sci
366:836-48.

Smith CA (2016) Weaving pikyav (to-fix-it): Karuk Basket Weaving in-Relation-with the
Everyday World. PhD Dissertation. UC Berkeley, Berkeley, California.

Smith LT (1999) Decolonizing Methodologies: Research and Indigenous peoples. Zed books,

London

183



Sowerwine J, Mucioki M, Sarna-Wojcicki D, Hillman L (2019) Reframing food security by and
for Native American communities: a case study among tribes in the Klamath River basin of
Oregon and California. Food Secur 1-29

Speece D (2009) From corporatism to citizen oversight: The legal fight over California redwoods,
1970-1996. Environ Hist Durh N C 14:705-736

Spence M (2000) Dispossessing the Wilderness: Indian Removal and the Making of the National
Parks. Oxford University Press, Oxford, UK

Spencer AG, Schultz CA, Hoffman CM (2015) Enhancing adaptive capacity for restoring fire-
dependent ecosystems: the Fire Learning Network’s Prescribed Fire Training Exchanges.
Ecol Soc 20:38

Sprouffske K, Wagner A (2016) Growthcurver: an R package for obtaining interpretable metrics
from microbial growth curves. BMC Bioinformatics 17:172

Stapp DC, Burney MS (2002) Tribal Cultural Resource Management: The Full Circle to
Stewardship. Rowman Altamira, Lanham, MD

Staver AC, Archibald S, Levin S (2011) The global extent and determinants of savanna and forest
as alternative biome states. Science 334:230-232

Steel ZL, Safford HD, Viers JH (2015) The fire frequency-severity relationship and the legacy of
fire suppression in California forests. Ecosphere 6:1-23

Steelman TA, Burke CA (2007) Is wildfire policy in the United States sustainable? J For 105:67—
72

Stephanson A (1996) Manifest Destiny: American expansion and the empire of right. Hill and
Wang, New York, New York

Stephens D, Krebs J (1986) Foraging Theory. Princeton University Press, Princeton, New Jersey

Stephens SL, Collins BM, Biber E, Fulé PZ (2016) US federal fire and forest policy: emphasizing
resilience in dry forests. Ecosphere 7:¢01584

Stephens SL, Fulé PZ (2005) Western pine forests with continuing frequent fire regimes: possible
reference sites for management. J For 103:357-362

Stephens SL, Lydersen JM, Collins BM, et al (2015) Historical and current landscape-scale
ponderosa pine and mixed conifer forest structure in the Southern Sierra Nevada. Ecosphere
6:1-63

Stephens SL, Martin R, Clinton N (2007) Prehistoric fire area and emissions from California’s
forests, woodlands, shrublands, and grasslands. For Ecol Manage 251:205-216

184



Stephens SL, Sugihara N (2018) Fire management and policy since European settlement. In:
Wagtendonk J Van, Sugihara N, Stephens S, et al. (eds) Fire in California’s Ecosystems.
University of California Press, Oakland, California, pp 399410

Stewart O (2002) Forgotten Fires: Native Americans and the Transient Wilderness. University of
Oklahoma Press, Norman, Oklahoma

Strommer GD, Osborne SD (2014) The history, status, and future of tribal self-governance under
the Indian Self-Determination and Education Assistance Act. Am Indian Law Rev 39:1-75

Strothmann R, Roy D (1984) Regeneration of Douglas-fir in the Klamath Mountains Region,
California and Oregon. GTR PSW-81. Albany, California: USDA Forest Service, PSW
Research Station

Stuart JD, Stephens SL (2006) North coast bioregion. In: Sugihara N, Wagtendonk J Van, Shaffer
K (eds) Fire in California’s Ecosystems. University of California Press, Berkeley,
California, pp 147-169

Suding KN, Hobbs RJ (2009) Threshold models in restoration and conservation: a developing
framework. Trends Ecol Evol 24:271-279

Sudworth GB (1900) Stanislaus and Lake Tahoe Forest Reserves, California and adjacent
territory. In: Annual reports of the Department of the Interior, 21st annual report of the U.S.
Geological Survey, Part 5. US Government Printing Office, Washington DC, pp 505-561

Sugihara N, Reed L (1987) Vegetation ecology of the Bald Hills oak woodlands of Redwood
National Park. Redwood National Park, Research and Development. Crescent City,
California

Sugihara N, van Wagtendonk J, Fites-Kaufman J (2018) Fire as an ecological process. In: van
Wagtendonk J (ed) Fire in California’s Ecosystems., 2nd edn. University of California
Press, Oakland, CA, pp 57-70

Sun C (2006) A roll call analysis of the Healthy Forests Restoration Act and constituent interests
in fire policy. For policy Econ 9:126-138

Swetnam TW, Farella J, Roos CI, et al (2016) Multiscale perspectives of fire, climate and humans
in western North America and the Jemez Mountains, USA. Philos Trans R Soc B Biol Sci
371:20150168

Swezey S, Heizer R (1977) Ritual management of salmonid fish resources in California. J Calif
Anthropol 4:7-29

Syphard A, Radeloff V, Keeley J, et al (2007) Human influence on California fire regimes. Ecol
Appl 17:1388-1402

185



Tallbear K (2016) Dear Indigenous studies, it’s not me, it’s you. In: Moreton-Robinson A (ed)
Critical Indigenous Studies: Engagements in First World locations. The University of
Arizona Press, Tucson, Arizona, pp 69-82

Taylor AH, Skinner CN (2003) Spatial patterns and controls on historical fire regimes and forest
structure in the Klamath Mountains. Ecol Appl 13:704-719

Taylor AH, Skinner CN (1998) Fire history and landscape dynamics in a late-successional
reserve, Klamath Mountains, California, USA. For Ecol Manage 111:285-301

Taylor AH, Trouet V, Skinner CN, Stephens S (2016) Socioecological transitions trigger fire
regime shifts and modulate fire—climate interactions in the Sierra Nevada, USA, 1600-2015
CE. Proc Natl Acad Sci 113:13684-13689

Taylor PB (2019) The good, the bad, and the unnecessary: Forest fire suppression funding and
forest management provisions of the consolidated appropriations act of 2018. Public L
Resour Law Rev 41:79-104

Terence M (2016) Unleashing the TREX: Why officials think controlled burns can save
California from wildfire. North Coast Journal, Eureka, California. Novemb. 3 16-23

Thaxton JM, Platt W] (2006) Small-scale fuel variation alters fire intensity and shrub abundance
in a pine savanna. Ecology 87:1331-1337

Thomas JW, Franklin JF, Gordon J, Johnson KN (2006) The Northwest Forest Plan: origins,
components, implementation experience, and suggestions for change. Conserv Biol 20:277—
287

Thompson L (1991) To the American Indian: Reminiscences of a Yurok Woman. Heyday Press,
Berkeley, California

Thompson R, Anderson K, Pelltier R, et al (2015) Atlas of relations between climatic parameters
and distributions of important trees and shrubs in North America. US Geological Survey
Professional Paper 1650-G

Thysell DR, Carey AB (2001) Quercus garryana communities in the Puget Trough, Washington.
Northwest Sci 75 219-235

Toledo D, Kreuter UP, Sorice MG, Taylor Jr CA (2014) The role of prescribed burn associations
in the application of prescribed fires in rangeland ecosystems. J Environ Manage 132:323—
328

Trafzer CE, Hyer JR (1999) Exterminate Them: Written accounts of the murder, rape, and
enslavement of Native Americans during the California gold rush. Michigan State

University Press, East Lansing, Michigan

186



Trauernicht C, Brook B, Murphy B, et al (2015) Local and global pyrogeographic evidence that
indigenous fire management creates pyrodiversity. Ecol Evol 5:1908-1918

Trauernicht C, Murphy BP, Prior LD, et al (2016) Human-imposed, fine-grained patch burning
explains the population stability of a fire-sensitive conifer in a frequently burnt northern
Australia savanna. Ecosystems 19:896-909

Tripp B (2019) Fantastic failure: Shared vision, shattered Trust. Fire Adapted Community
Learning Network Blog. https://fireadaptednetwork.org/fantastic-failure-shared-vision-
shattered-trus/. Accessed 1 Oct 2019

Tsing AL (2015) The Mushroom at the End of the World: On the possibility of life in capitalist
ruins. Princeton University Press, Princeton, New Jersey

Turner NJ (1998) Plant Technology of British Columbia First Peoples. University of British
Columbia Press, Vancouver and Royal British Columbia Museum, Victoria, BC

Turner NJ, Deur D, Mellott CR (2011) “Up On the Mountain”: Ethnobotanical importance of
montane sites In Pacific coastal North America. J Ethnobiol 31:4-43

Tushingham S (2009) The Development of Intensive Foraging Systems In Northwestern
California. PhD Dissertation. UC Davis, Davis, California

Tushingham S, Bettinger RLR (2013) Why foragers choose acorns before salmon: Storage,
mobility, and risk in aboriginal California. J Anthropol Archaeol 32:527-537

Tveten RK, Fonda RW (1999) Fire effects on prairies and oak woodlands on Fort Lewis,
Washington. Northwest Sci 73:145-158

Underwood S, Arguello L, Siefkin N (2003) Restoring ethnographic landscapes and natural
elements in Redwood National Park. Ecol Restor 21:278-283.

United States Census Bureau (2010a) American Indian and Alaska Native Tribes in the United
States and Puerto Rico

United States Census Bureau (2010b) 2010 Census interactive population map.
http://www.census.gov/2010census/popmap/. Accessed 20 Oct 2016

United States Fish and Wildlife Service (2011) Deer Hunting in the United States: Demographics
and trends. Arlington, Virginia

US Census Bureau (2017) Cartographic Boundary Shapefiles - American Indian/Alaska Native
Areas/Hawaiian Home Lands. https:/www.census.gov/geo/maps-
data/data/cbf/cbf aiannh.html. Accessed 10 Jan 2018

USDA Forest Service (2015) The rising cost of wildfire operations: Effects on the Forest
Service’s non-fire work. http://www.fs.fed.us/sites/default/files/2015-Fire-Budget-
Report.pdf. Accessed 1 Aug 2018

187



USDA Forest Service (2018) Toward Shared Stewardship Across Landscapes: An outcome-based
investment strategy. FS-118. https://www.fs.fed.us/sites/default/files/toward-shared-
stewardship.pdf. Accessed 20 Mar 2019

USDA Forest Service (2008) Final Environmental Impact Statement, Orleans Community Fuels
Reduction Forest Health Project. Orleans Ranger District, Six Rivers National Forest,
Humoboldt County, California

USDA Forest Service PSW Region (1995) Final Environmental Impact Statement: Six Rivers
National Forest Plan. Eureka, California

USDA Forest Service PSW Region (1979) Timber Harvest Scheduling Study: Six Rivers
National Forest. Eureka, California

USDA Forest Service PSW Region (2018) Somes Bar Integrated Fire Management Project: Final
Environmental Assessment.
https://www.fs.usda.gov/nfs/11558/www/nepa/106291 FSPLT3 4291171.pdf. Accessed 1
Jun 2019

Vaillant NM, Reinhardt ED (2017) An evaluation of the Forest Service hazardous fuels treatment
program—Are we treating enough to promote resiliency or reduce hazard? J For 115:300—
308

Vale T (1998) The myth of the humanized landscape: an example from Yosemite National Park.
Nat Areas J 18:231-236

Vale T (2002) The pre-European landscape of the United States: Pristine or humanized. In: Fire,
Native Peoples, and the Natural Landscape. Island Press, pp 1-39

Valladares F, Niinemets U (2007) The architecture of plant crowns: from design rules to light
capture and performance. In: Pugnaire F, Valladares F (eds) Functional Plant Ecology.
Taylor and Francis, New York, pp 101-149

van Wagtendonk J, Benedict JM, Sydoriak WM (1998) Fuel bed characteristics of Sierra Nevada
conifers. West J Appl For 13:73-84

van Wagtendonk J, Cayan D (2008) Temporal and spatial distribution of lightning strikes in
California in relation to large-scale weather patterns. Fire Ecol 4:34-56

van Wagtendonk J, Sugihara NG, Stephens SL, et al (2018) Fire in California’s Ecosystems.
University of California Press, Oakland, California

Vinyeta K, Lynn K (2015) Strengthening the Federal-Tribal relationship: A report on monitoring
consultation under the Northwest Forest Plan. USDA Forest Service, Pacific Northwest
Region, Portland, OR

188



Vogt C (2002) Seasonal and Permanent Home Owners’ Past Experiences and Approval of Fuels
Reduction. GTR NC 231. In: Jakes PJ (ed). USDA Forest Service, North Central Research
Station, St. Paul, Minnesota, pp 63—73

Walker B, Holling CS, Carpenter SR, Kinzig A (2004) Resilience, adaptability and
transformability in social — ecological systems. Ecol Soc 9:5

Walker P, Fortmann L (2003) Whose landscape? A political ecology of the ‘exurban’Sierra. Cult
Geogr 10:469-491

Walker R (2001) Industry builds the city: The suburbanization of manufacturing in the San
Francisco Bay Area, 1850—-1940. J Hist Geogr 27:36—57

Wallerstein I (2000) Globalization or the age of transition? A long-term view of the trajectory of
the world-system. Int Sociol 15:249-265

Walsh MK, Duke HJ, Haydon KC (2018) Toward a better understanding of climate and human
impacts on late Holocene fire regimes in the Pacific Northwest, USA. Prog Phys Geogr
Earth Environ 42:478-512.

Walters G (2015) Changing fire governance in Gabon’s Plateaux Bateke savanna landscape.
Conserv Soc 13:275-286

Wan HY, Olson AC, Muncey KD, Clair SBS (2014) Legacy effects of fire size and severity on
forest regeneration, recruitment, and wildlife activity in aspen forests. For Ecol Manage
329:59-68

Warburton AD, Endert JF (1966) Indian Lore of the North California Coast. Pacific Pueblo Press,
Santa Clara, California

Waterman T (1920) Yurok geography. Univ Calif Publ Am Archaeol Ethnol 16:177-314

Waterman T, Kroeber A (1934) Yurok Marriages. Univ Calif Publ Am Archaeol Ethnol 35:1-14

Waterman T, Kroeber A (1938) The Kepel Fish Dam. University of California Press, Berkeley,
California

Watts M, Peet R (2004) Liberating political ecology. In: Peet R, Watts M (eds) Liberation
Ecologies: Environment, Development, Social Movements. Routledge, London and New
York, pp 343

Weatherspoon CP, Skinner CN (1995) An assessment of factors associated with damage to tree
crowns from the 1987 wildfires in northern California. For Sci 41:430-451

Webster KM, Halpern CB (2010) Long-term vegetation responses to reintroduction and repeated
use of fire in mixed-conifer forests of the Sierra Nevada. Ecosphere 1:1-27

Weir JR, Twidwell D, Wonkka CL (2016) From grassroots to national alliance: the emerging

trajectory for landowner prescribed burn associations. Rangelands 38:113-119

189



Weiser A, Lepofsky D (2009) Ancient land use and management of Ebey’s Prairie, Whidbey
Island, Washington. J Ethnobiol 29:184-212

Welch JR, Brondizio ES, Hetrick SS, Coimbra CE (2013) Indigenous burning as conservation
practice: Neotropical savanna recovery amid agribusiness deforestation in Central Brazil.
PLoS One 8:¢81226

Welch JR, Coimbra Jr CEA (2019) Indigenous fire ecologies, restoration, and territorial
sovereignty in the Brazilian Cerrado: The case of two Xavante reserves. Land use policy
104055

Westerling AL (2016) Increasing western US forest wildfire activity: sensitivity to changes in the
timing of spring. Phil Trans R Soc B 371:20150178

Whitlock C, Larsen C (2002) Charcoal as a fire proxy. In: Smol JP, Birks HIB, Last WM, et al.
(eds) Tracking Environmental Change Using Lake Sediments. Developments in
Paleoenvironmental Research, vol 3. Springer, Dordrecht, pp 75-97

Whitlock C, Skinner C, Bartlein P, et al (2004) Comparison of charcoal and tree-ring records of
recent fires in the eastern Klamath Mountains, California, USA. Can J For Res 34:2110—
2121

Whittaker RH (1960) Vegetation of the Siskiyou mountains, Oregon and California. Ecol Monogr
30:279-338

Wilkins DE, Stark HK (2017) American Indian Politics and the American Political System.
Rowman & Littlefield, Lanham, Maryland

Willette M, Norgaard K, Reed R, Tribe K (2016) You got to have fish: Families, environmental
decline and cultural reproduction. Fam Relationships Soc 5:375-392

Williams DR, Jakes PJ, Burns S, et al (2012) Community wildfire protection planning: The
importance of framing, scale, and building sustainable capacity. J For 110:415-420

Williams GW (2009) The US Forest Service in the Pacific Northwest: A History. Oregon State
University Press, Corvallis, Oregon

Wills R, Stuart J (1994) Fire history and stand development of Douglas-fir/hardwood forests in
northern California. Northwest Sci 68:205-212

Wilson S (2008) Research is Ceremony: Indigenous Research Methods. Fernwood Publishing,
Halifax and Winnipeg, Canada

Winterhalder B, Smith EA (2000) Analyzing adaptive strategies: Human behavioral ecology at
twenty-five. Evol Anthropol Issues News Rev 9:51-72

Wolfe P (2006) Settler colonialism and the elimination of the native. J] Genocide Res 8:387-409

190



Wynecoop MD, Morgan P, Strand EK, Trigueros FS (2019) Getting back to fire sumés: exploring
a multi-disciplinary approach to incorporating traditional knowledge into fuels treatments.
Fire Ecol 15:17

Yoder J (2008) Liability, regulation, and endogenous risk: the incidence and severity of escaped
prescribed fires in the United States. J law Econ 51:297-325

Yurok GIS Program (2015) Yurok Reservation and Surrounding Area.
http://www.yuroktribe.org/departments/infoservices/GIS/documents/Statistics Map_August
15.pdf. Accessed 8 Jan 2018

Yurok Tribe (2015) CFMC Sparks Comprehensive Fire Plan. In: Yurok Today.
http://www.yuroktribe.org/documents/APRIL_ YUROK NEWSLETTER 2015 WEB 000.
pdf. Accessed 1 Aug 2018

Zald HSJ, Dunn CJ (2018) Severe fire weather and intensive forest management increase fire
severity in a multi-ownership landscape. Ecol Appl 28:1068—1080

Zeibig-Kichas NE, Ardis CW, Berrill J-P, King JP (2016) Bark thickness equations for mixed-
conifer forest type in Klamath and Sierra Nevada mountains of California. Int J For Res
2016:1-10

Zielinski WJ (2013) The forest carnivores: Fisher and Marten. In: Long J, Quinn-Davidson L,
Skinner C (eds) Science Synthesis to Promote Socioecological Resilience in the Sierra
Nevada and Southern Cascade Range. USDA Forest Service, Pacific Southwest Reseach
Station, Albany, California, pp 140

Zobel DB (2002) Ecosystem use by indigenous people in an Oregon coastal landscape. Northwest
Sci 76:304-314

191



